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The Library Committee shall divide the boolcs and 
other articles belonging to the Library into three class- 
es, viz. : (a) those which are not to be removed Arom the 
building; (b) those which may be taken from the halls 
only by written permission of three members of the 
committee, who shall take a receipt for the same and be 
responsible for their safe return ; (c) those which may 
circulate under the following rules. 

Members shall be entitled to take from the Library 
one folio, or two quarto volumes, or four volumes of 
any lesser fold, with the plates belonging to the same, 
upon having them recorded by the Librarian, or Assis- 
tant Librarian and promising to make good any dam- 
age they sustain, while in their posession, and to re- 
Slace the same if lost, or pay the sum fixed by the Li- 
irary Committee. 

No person shall lend any book belonging to the In- 
stitute, excepting to a member, under a penalty of one 
dollar for every such offence. 

The Library Committee may allow members to take 
more than the allotted number of books upon a writ- 
ten application, and may also permit other persons 
than members to use the Library, under such condi- 
tions as they may impose. 

No person shall detain any book longer than four 
weeks from the time of its being taken from the Libra- 
ry, if notified that the same is wanted by another mem- 
l)er, under a penalty of five cents per day, and no vol- 
ume shall be retained longer than three months at one 
time under the same penalty. 

The Librarian shall have power by order of the Li- 
brary Committee to call in any volume after it has been 
retained by a member for ten days. 

On or before the first Wednesday in May, all books 
shall be returned to the Librarv, and a penaltv of five 
cents per day shall be imposed ror each volume detained. 

Labels designating the class to which each book be- 
longs shall be placed upon its cover. 

No hook shall be allowed to circulate until one 
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Tbb mensuration of superficies and solids, is so important a branch 
of the mathematical science, that no apology is necessary for pre- 
senting this work to the public. It is generally known, that that useful 
branch of education hai^ been too long neglected, and that no pro* 
duction of the kind, well calculated for the use of common schools, has 
before this, made its appearance. Those who have written on the 
subject, have calculated their works more particularly for the use of 
colleges than other seminaries of learning;. and consequently the 
great mass of the people have npt had an opportunity of extending 
their researches beyond the common limits of plain arithmetic ; and 
the fiurmer and mechanic, who are immediately concerned, Jiave 
not had the privilege of becoming acquainted with that branch of 
education which their daily avocations demand. 

The design of the author is, to remove the evil, and present to 
the public a production necessary to be understood by every class 
of citizens, and to aid both teachers and students in acquiring a 
knowledge of this pleasing, useful, and entertaining branch of science. 

I have commenced with the work in such a manner, that the student 
4s led along with problems easy and simple, to those of more compli- 
cated results, and such as are calculated to exercise his reasoning 
faculties, and give him an accurate conception of the relation that one 
figure bears towards another. 

In the miscellaneous matter will be found some problems, where the 
student will have ample scope to exercise his ingenuity and improve 
his understanding. 

The Key is given to aid such teachers as are not sufficiently ac- 
quainted with the science to demonstrate the nature and propriety of 
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the theorems, or explain the rales giren for the various operations; 
and also to assist those persons to acquire a knowledge of mensuration, 
who have not the opportunity of wholly devoting their time to that 
object 

With the view of aidmg tne public and being useful to the rising 
generation, and knowing that every work of a literary nature must 
either stand or fall by its merit or demerit,! submit the following 
pages to the consideration of a candid and generous community. 

TOBIAS OSTRANDER. 

New York, Sept. 1833. 
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COMPLETE SYSTEM 

OP 

MENSURATION. 

SECTION L 

The area, or superficial contents of any figure, id 
the space contained within the line or lines by which 
the figure is bounded. 

OP THE sauAiaE. 

A square is a figure whose sides are of 
equal lensfth, and each of the singles con- 
tains 90 cbgrees. 

PROBLEM I, 

To find the area of a square. Rule — Multiply the 
side by itself; the product will be the area in such 
terras as correspond with the measure of the sides. 

EXAMFI^ES. 

1. What is tlie area of a square board, each of whose 
sides are 20 inches in lens^ ? Ans. 400 inches. 

2. How many square feet in a piece of land ten rods 
square. Ans. 27235 square feet. 

3. How many acres in a square piece of land 60 
rods square ? Ans. 22,5 ^cres. 

4. How many men may stand on 5 acres of land, 
each occupying a space of three feet square ? 

Anid. 24,200. 

5. How many square links are contained in a piece 
of land 14 chains long and 14 wide ? Ans. 1,960,000. 
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PROBLEM II. 

The aiea of a square given, to find the length of the 
side. Ride — ^Extract the square root of the area. 

EZAUPLES. 

L The area of a perfect square is 625 feet—What 
is the length of the side ? Ans. 25 feet. 

2. What is t(i6 liongth of the side$r,of .a square floor 
containing 384 square feet ? Arils. 1&,5959 +. 

3. What must be the length of the sides of a square 
piece of land to contain 6 acres ? Ans. 30,9838 + perches. 

4. How many chains in length are the sides of a 
square containing }25 acres of land ? Ans. 35,3553.+. 

PROBLEM iti. 

The diagonal* of a perfect square being given, to find 
the area. Ride — ^Divide the square of me diagonal by 
2 ; the quotient will be the area. 

EXAMPLES. 

1. The diagonal of a perfect square is 16 chains- 
How many acres does it contain ? Ans. 12,8 acres. 

2. The diagonal of a perfect square is 41,3 rods — 
How many acres does it contain 1 

^ Ans. 5 acres, 1 rood, and 13 perches +. 

3. The diagonal of a perfect square is 4,78 chains — 
How many acres does it contain ? 

Ans. 1 acre and 22 perches +. 

PROBLEM IV. 

The area of a perfect square being given, to find the 
length of the diagonal. Rtde — ^Extract the square root 
of double the area. 

EXAMPLES. 

1. The area of a square piece of land is 6l$8 acres — £^S 
What is the length of the diagonal line in chains ? < 

Ans. 36 chains. 

• The diagonal is a right line extending from angle to angle. 
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8. The area of a square piece iyf land. ii9 S78 chains 
-^^MtfW tnimy rods is the length of tiie diagonal "line ? 

Ans. 68 rods. 

BEOBL&M V. 

T%e diagonal of a square being given, to find the 
side. iZuJ^-r^Extisct the square root of half the squJare 
of the diag^sd, and that wm be the length of the side. 

EXAMPLES. 

t ' . ' • " _ 

1. The diagonal c^asquarepieceoflandisSO^^haitiis 
— yf]bat is ibe length of the side ? 

Ans. 35,3553 + length of the side. 

2. The diag^Qiipl of a square ia 24 rods — What is the 
lei^th of the side ? A^8. 16,97 + rods. 

3. The diagonal of a squaare is 36 feet — What is the 
lei^rth of the side ? Ans. 25,4558 +. 

JE^ROBLEM VI. 

The sides of a, square being given, to find the dia- 
gonal. RtUe — ^Eitract the square ropt of the sum of 
uie squarec^ of the two a4jax;enl sides. 

BXAIfPLXS. 

1. The sides of a perfect squaie are each 19 chains 
•i-^What is the length of £hfe diagonal line ? 

Ans. 26,87 + chains. 
2L The sides of a perfect •square ate eadi 34 lodd — 
Whttt is (be lei^th of the diagonal lin^ ? 

Ans. 33,9411 + rods. 
3. The sides of a square are each 43 feet — ^What is 
the length of Ae diagt>nal line ? Ans. 60,8111 feet. 

7R01SE.EM VII. ; 

t 

mie diiference between the diagonal of a square and 
the length of the side* being given, to find the area. 
/Zu/6-HSxtract the square root of tuvioe the square of 
the given diffeu^ce, and to that root add the given dif« 
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ference ; the sum will be the lej^glh of the sid^. Square 
the leo^of the side,andt)iat w^hetbe arfM^t 




1. The difference between the dia^nal of a square 
and the length of the side is 20 chains — ^What is the 
area ? Ans. 233 actes, roods, 21,98 rckls; 

2. The diagonal of a square is 12 rods longer thiui 
the side — ^How many acres does it contain? 

Ans. 6 acres, roods, 39 rods. 

3. The diagonal of a square is 8 feet longer than the 
side — What is the contents of the square? 

Ans. 373 + feet 

OP THE RECTANGLB. 

A rectangle is a parallelogram whose 
opposite sides are parallel, and whose 
angles are all right angles containing 
90 degrees each. 

PROBLEM I. 

The len^ and breadth of a rectangular parallelo- 
mm are given, to find the area. Rule — ^Multiply the 
tength by the breadth ; the product will be the area. 

XXAIIPLXS. 

1. The longest side of a rectangular parallebgram 
is 24 rods, and the shortest 16 — ^What is its content? 

Ans. 384 rods. 

2. How many acres in a parallelogiam whose sides 
are 36 and 18 chains ? Ans. 6,48 acres. 

3. How many square feet in aboard 14 feet long and 
16 inches wide ? Ans. 17,6 feet 

4. How many square feet in 20 boards, each 16 feet 
long, and 19 inches wide ? Ans. 6061 feet. 

6. How many squares of 100 feet each are there in a 
floor 36 feet long and 18 feet yide ? An^* 6,4$ squaies. 

PROQi.EM II. 

The area and either sidie of a rectangular' parallelp- 
grtoi are given, to find the shortest sidei R^e — Th- 
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vide the' area by the given side, the quotient will be the 
other. 



1. The area ot a rectangular parallelogftan is 456 
chains, and the longest code is 30 chains-— What is the 
length of the shortest ? Ans.- 162 chains. 

2. The area of a rectai^fular parallelogram is 784 
f&etj and the shortest side is 12 feet — ^What is the longest 
side ? / Ans. 65,333 feet, or 65i- feet 

3. The area of a rectangular parallelogram is 36 
acres, 3 roods, and 30 perches^ and the longest side is 
120 rods — ^What is the len^h of the shortest ? 

Ans. 49,25 rods length of the shorter side. 

PROBLEM III. 

The area of a rectangular parallelogram is given 
and the sum of the longest and shortest sides, to find 
the sides. Rule — From the square of half the sum 
subtract the area, and the square root of the remainder 
added to the half sum will give the longest side ; sub- 
tracted leaves the shortest. 

EXAMFLES. 

1. The area of a rectan£fular parallelogram is 576 
chains, and the sum of the longest and shortest sides is 
60 chains — What is the length and breadth of the paral- 
lelogram ? Ans. 48 chains long, and 12 in breadth. 

2. A gentleman has a garden in the form of a rec- 
tangular parallelogram containing 3 acres, 1 rood, and 
32 rods, the wall that surrounds it is 116 rods in length 
— ^What is the length and breadth of the rarden ? 

Ans. 46 and 12 rods. 

3. A gentleman owns a garden in the form of a rec- ^ O' 
tan^lar parallelogram 9^ rods long and 8 wide, and is 
'desirous of making a gravel Walk half round which 

shall take up i of the ground — ^What must be the width 
of the walk ? Ans. 7335 of a rod. 

PROBLEM IV. 

The area of a rectansfular parallelos'ram is ffiven t^^^ 
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the diffefence of the sides, to find the sides; Ruh — To 
the area add the square of half the difierence of the two 
sides, and the square root of the sum will be the half 
sum of the two sides ; to the half sum add half the dif- 
ference and the sum will be the longest side; subtracted 
leaves the less. 

BZAMPLBS. 

1. The area of a rectangular paralletogram is 4 
acres, and the longest side exceeds the shortest by 12 
rods — What are the length of the sides ? 

Ana The longer side is 32 rods, the shorter 20. 

2. The longest side of a rectangular parallelogram 
exceeds the shortest by 16 chains, and the area is 138 
acres — ^What is the length of the sides ? 

Ans. 46 and 30 chains. 

PROBLEM V. 

The area of a rectangular parallelogram is given, 
and the proportion of the two sides, to find the sides. 
Ruk — ^Multiply the area by the less number of the 
proportion, and divide the product by the greater, the 
square root of the quotient will be the length of the 
shortest side; the contrary will give the length of the 
longest. 

EXAHPtES. 

1. The area of a certain piece of land is 40 acres, 3 
roods, and 24 rods, and the length is to the breadth as 
3 to 4, and the form a rectangular parallelogram — What 
is the length of the sides ? 

Ans. 70,067 and 93,4093 rods. 

2. The area of a rectangular parallelogram is 24 
acres, and the length is to the breadth as 2 to 3. — ^What 

is the length of me sides? Ans. 12,6491 chains the /^^^ ^ 
shorter si£, andjiflflffif^louger side. ^ ^*^^ 

PROBLEM VI. 

The difference of the two sides ox a rectangular 
pasaUelogram is given, and the difference of tbeir 
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squares to find the sides. Ride — ^Divide the difference 
of their squares by the difference of the sides, and the 
quotient will be their sum ; then to half their sum add 
half their difference, and the sum will be the longest 
side — subtracted leaves the less. 

t 
Examples. 

1. The difference of the squares of the two adjacent 
sides of a rectangular parallelogram is 720 rods, and 
the difference of those sides ll rods — ^Required the 
length of the sides of the parallelogram. 

Ans. 36 rods the longest side, and 24 rods the shorter. 

2. The difference of the squares of the two adjacent 
sides of a rectan^ar parallelogram is 108 chains, and 
the difference of those sid6s 6 chains — ^Required the 
sides of the parallelogram. 

Ans. 12 chains the longer, and 6 chains the shorter. 

PROBLEM VII. 

When the sum of the two adjacent sides of a rectan- 
gular paralleloffram is given, and the difference of their 
squares, to find the length of the sides. Rule — Divide 
the difference of their squares by their sum, and the 
quotient will be the difference of the two sides : to half 
tile given sum add half the difference, and the sum will 
be the length of the longest side — subtracted leaves the 
shortest. 

1. The sum of the two sides o^ a rectangular paral- 
lelogram is 20 chains^ and the difference of the squares 
of me two adjacent sides is 80 chains — ^Required the 
length of the sides. 

Ans. The sides are 12 and 8 chains. 

2. The sum of the two adjacent sides of a rectan- 
gular parallelogram is 16 feet, and the difference of the 
squares of those sides is 32 feet — Required the sides of 
the parallelogram. Ans. 9 and 7 feet. 

2 
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PROBLEM VIII. 

Hamns the difFerence of the two adjacent sides of a 
rectajQgufar parallelogram, and the sum of their squares 
given, to find the sides. Rule — From the sum of their 
squares take the squ^e of their diflFerence, add the re- 
mainder to the sum of their squares, and the square 
root of this last sum will be the sum of the two num- 
bers, then to half the sum add half the given difference 
and the sum will be the longest side, subtracted leaves 
the less. 

EXAXPLES. 

1. The difference between the two adjacent sides of 
a rectangular parallelo^am is 8 chains, and the sum 
of the squares of those sides is 194 — What is the length 
and breadth of the parallelogram ? 

Ans. 13 and 5 chains. 

2. The difference between the two adjacent sides of 
a rectangular parallelogram is 11 inches, and the sum 
of the squares of those sides is 281 — What is the length 
and breadth of the parallelogram? 

Ans. 16 and 5 inches. 

PROBLEM IX. 

Having the sum of the two adjacent sides of a rect- 
angular parallelogram, and the sum of the squares of 
those sides given, to find the area. Rule — From the 
square of their sum take the sum of their squares, then 
from the sum of their squares take this remainder, and 
the square root of the difference will be the difference 
of the two numbers ; to half their sum add half their 
difference and the sum will be the length of the longest 
side, subtracted leaves the shortest, then multiply the 
length by the breadth and the product will be the area. 

EXAMPLES. 

1. The sum of the two adjacent sides of a rectangular 
parallelogram is 50 chains, and the sum of the squares 
of those sides is 1300 — ^Required the area of the paral- 
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IS 



lelograio. Anci. 30 and 20 cbfiias, the length of the 
sides required, and the area, 60 acres. 

2. The sum of the squares of the two adjac^it sides 
of a gentleman's prden, in the form of an oblong 
square or rectangular parallelo&^am, is 464 rods, and 
tihe length of the wall that encipses it, is 56 rods — Re- 
quired the area of the paralldogram. Ans. 1 acre. 



PROBLEM X. 

Having the area of a parallelogram, and the length 
of the diagonal line given, to find the length of the sides. 
Ride — From the square of the diagonal, subtract 
twice the area, and tfie square root oi the remainder 
will be the difference of the two adjacent sides. To 
the square of the diagonal add twice the. area, and the 
square root of the sum will be the sum of the two 
sides; then to half the sum add half the difference, 
and the sum will be the length of the longest side — 
subtracted, leaves the shortest. 

EXAMPLES. 

1. The area of a rectangular parallelogram is 30 
acres, and the length of the diagonal is 26 chains — 
Required the sides of the parallelogram. 

Ans. 20 and 16 chains the length and breadth. 

2. The area of a rectangular parallelogram is 6 
acres and 12 rods, and the length of the magonal is 
46 rods — What is the length of the sides of the paral- 
lelogram? Ans. 36 rods the length, and 27 the breadth. 

PROBLEM XI. 

Having the area of a rectangular parallelogram, and 
the difference of the square^ of the two adjacent sides 
giv^n, to determine the length of the sides of the 
parallelogram. Rule — To the square of the area add 
the square of half the diflference of their squares, and, 
irom the square root of that sum, subtract half the 
difference of their squares, and the remainder will be 
the square of the shortest side; extract the square root 
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tod that will be the length of the shortest side — divide 
the area by the shortest side, and the quotient will be 
the longest. 

EXi-MPIiBS. 

1. The area of a rectangular parallelogram is 4 
acres, 3 roods, and 8 rods; and the difference of the 
squares of the adjacent sides is 28 chains — ^Whatisthe 
length of the sides ? Ans. 8 chains by 6. 

2. The difference of the squares of the adjacent 
sides of a parallelogram is 128 chains, and the area 48 
chains — What is the length of the sides? 

Ans, 13 chains by 4. 

OF THE RHOMBUS. 

A rhombus is a quadrilateral figure, 
whose sides are equal, but whose an^ 
gles are not right angles. 

PROBLEM I. 

To find the area of a rhombus. 
MiUe — ^Multipl/ the length of one side by a perpendi- 
cular let fall from one of the angles to the opposite side, 

EXAMFLSS. 

1. The length of the sides of a rhombus are each 
12,24 feet, and the perpendicular height 9,16 feet — 
Rwjuired its area. Ans. 112,1184 feet 

2. Required the area of a rhombus, whose length is 
12 feet, 6 inches, and its height 9 feet^ 3 inches. 

Ans. 116,625 feet. 

probl]e:m II. 

The area of a rhombus, and the length of the side 
being given, to find the perpendicular height. Rule — 
Divide the area by the length of the side, the quotient 
will be the length of the perpendicular ; or, divide by 
the height, the quotient vniX be the length of the side. 

EXAHFLES. 

1. The area of a rhombus is 24 rods, and the length 
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o£ tbe side ^ rods — What is the lengdi oi the p$J:peii- 
dicular ? Ans. 4,8 rods the perpeiyiif4ilftr> 

2. The area of a rhombus is 125 feet, and the per- 
pendicular he^t, 8 feet, 6 inches ; required the lei^gth 
of the side ? Ajqs, 14,7 + feet. 

OF THE RHOMBOID. 

A rhomboid, or rhomboides, is a 
quadrilateral figure, whose sides are 
parallel, and angles not right angles. 





PROBLEM I. 

To find the area of a rhomboid. Jiule — ^Multiply 
the length by a perpendicular let fall firom one of the 
angles to the opposite side. 

EXAXPLEB. 

1. The length of a rhomboid is 26 rods, and the 
perpendicular height 8 rods — Required the area. 

Ans. 1 acre, 1 rood, and 8 rods. 

2. The length of a rhomboid is 18 feet, 9 inches, 
and the perpendicular height 12 feet, 3 inches — ^Hot^ 
many square yards does it contain ? 

Ans. 25,5209 + square yards. 

3. The length of a rhomboid is 36 feet, and the per- 
pendicular height 24 feet, 9 inches— How many square 
rods does it contain ? Ans. 3-A- square rods. 

PROBLEM II. 

When the area of a rhomboid, and the length are 
given, to find the perpendicular. Rule — divide the 
area by the length, the quotient will be the perpendicu- 
lar ; or, divide the area by the perpendicular, the quo- 
tient will be the length. 

EXAKFLES. 

1. The area of a rhomboid is 4 acres, 3 roods, an4; 
12 perches, and the length 9 chains and 20 links — What 
is the length of the perpendicular? 

Ans. 6,2445 -h chains. 
2* 
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2. The area of a rhomboid is 47 feet 9 inches, and 
the perpendicularis 4feet, 8 inches — ^What is the length ? 
Ans. 12,141 + feet the length. 

3, The area of a rhomboid is one square rod, and 
the perpendicular is 7 feet, 8 inches — ^What is its length 7 

Ans. 37,99 --feet. 

OF RIGHT-ANGLED TRIANGLES. 

A right-angled triangle, is a figure 
boundra by tlu'ee sides, and has one right 
angle : the longest side is called the ny- 
potenuse, and the other two, the legs, 
otherwise known by the names of b^, and perpendi- 
cular. 

PROBLEM I. 

To find the area of a ri^bt-angled trianffle, the base 
and perpendicular being given. Rule — ^Multiply half 
the length of the base by me length of the perpendicu- 
lar, the product will be the area ; or half the perpen- 
dicular by the whole length of the base, the product 
will be the area, 

EXAMPLES. 

1. The base of a right-angled triangle is 36 rods, 
and the perpendicular 12 rods — ^How many acres does 
it contain ? Ans. 1 acre, 1 rood, and 16 rods. 

2, The perpendicular of a right-angled triangle is 
24 chains and 76 links, and the base 41 chains and 
23 links — ^How many acres does it contain ? 

Ans, 51 acres, 6A rods, 

PROBLEM II. 

When the area and the length of either bsjse or 
perpendicular are given, to fiaid the other. Rule — di' 
vide twice the area by die base, the quotient will be 
tho perpendicular ; or, divide by the perpendicular, the 
quotient will be the base. 

EZAMPLSa. 

1. The area of a triangle is 16 feet 6 inches, and the 



/ 
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base is 7 feet 2 inches — ^Required the perpendicular. 

Ans, 4,604 + feet. 
2. The area of a triangle is 4 acres, 1 rood, and 20 
rods, and the perpendicular is 3 chains and 14 links — 
What is the length of the base ? Ans. 27,8662 chains. 

PROBLEM III« 

When the base and perpendicular are given, to find 
the hypotenuse. JBtrfc— Extract the square root of the 
sum of the squares of the base and perpendipular, and 
that will be me length of the hypotenuse, 

EXAMPLES, 

1. The base of a right-angled triangle is 16 chains,, 
and the perpendicular 12 chains — ^Required the length 
of the hypotenuse. Ans. 20 chains. 

2. The perpendicular of a right-angled triangle is 4 
feet 6 inches, and the base 7 feet 9 inches — ^Required 
the length of the hypotenuse. Ans. 8,9617 + feet. 

PROBLEM JV, 

When the hypotenuse and either leg of a right-an- 
gled triangle are given, to find the other. Rule — Ex- 
tract the Square root of the difference of the squares of 
the hypotenuse and given leg, and that will be the 
length of the other, 

EXAMPLES. 

1. The hypotenuse of a right-angled triangle is 25 
chains, and the base 20 chains — ^Wluit is the length of 
the perpendicular. Ans. 15 chains. 

2. The hypotenuse of a right^-angled triangle is 40 
chains, and the perpendicular 26 chains — ^What is the 
length of the base ? Ans. 30,38 chains. 

3. A ladder 30 feet long, placed near the middle of a 
street, reached the buildings at one side 24 feet from 
the ground ; and the opposite side, without moving the 
foot, 18 feet — What was the breadth of the street? 

Ans. 42 feet. 
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4. A line, reaching from the top of a fort buik on the 
top of a rock, is 120 yards from the top of the rock — 
to 4he place of observation 100 yards — and from that 
part of the rock level with the eye 80 yards— The 
height of the fort is required. Ans. 29,4427 + yards. 

PROBLEM V. 

The base of a right-angled triangle and the dilSfer- 
ence between the hypotenuse and perpendicular are 
given, to find the perpendicular. Rule — ^From the 
square of the base subtract the square of the diiference ; 
divide the remainder by twice the difference, and the 
quotient will be the perpendicular. 

EXAMPLES. 

1. The base of a right-angled triangle is 20 chains, 
and the difference between the hypotenuse and per- 
pend icuU^r is 2 chains — ^What is the length of the per- 
pendicular ? Ans. 99 chains. 

2. The hypotenuse of a right-angled triangle is 5 
chains longer than the perpendicular ; the base is 24 
chains — What is the area of the triangle? 

Ans. 66,12 acres. 

3. The hypotenuse of a right-angled triangle is 
6,14 feet longer than the perpendicular — Required the 
perpendicular, when the base is 24 feet. 

Ans. 43,8355 feet. 

PROBLEM VI. 

The base of a right-angled triangle and the differ- 
ence between the perpendicular and hypotenuse are 
given, to find the hypotenuse. Rule — To the square 
of the base add the square of the difference ; divide the 
sum by twice the difference, and the quotient will be 
the hypotenuse. 

I 

y 

fiXABIPLES. 

1. The hypotenuse of a right-angled triangle is 4 
feet longer than the perpendicular ; the base is 40 feet — 
WTiat is the length of the hypotenuse ? Ans. 202 feet. 
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2» What is the lengtili of the hypotenuse of a rights 
angled triangie, if it be 7 feet longer than the perpendi- 
cular, when the base is 30 feet ? Ans. 67,8 — . 



PROBLEM VII. 



The base of a right-angled triangle and the sum of 
the hypotenuse and perpendicular are given, to find 
the perpendicular. Rule — From the square of the sum 
subtract the square of the base, divide the remainder 
by twice the sum, and the quotient will be the perpen- 
dicular. 



EXAMPLES. 



1. The sum of the hypotenuse and perpendicular 
are 100 feet, and the length of the base 40 feet — What 
is the length of the perpendicular ? Ans. 42 feet. 

2. The height of a tree, standing perpendicularly on 
a plane, is 120 feet — At what height must it break off 
so that the top may rest on the ffround 40 feet from the 
base, and the place broken on me upright part ? 

Ans. 53 feet 4 inches. 

3. The hypotenuse of a right-angled triangle is 30 
chains ; and if a perpendicular be erected from the end 
of the hypotenuse to intersect a line drawn firom the 
point of the triangle, the lensfh of that line and perpen- 
dicular will be 50 chains — ^What i$ the length of the., 
perpendicular ? Ans. 16 chains*. 

PROBLEM VIII, 

The sum of the hypotenuse and perpendicular and 
the length of the base of a right-angled triangle are 
given, to find the hypotenuse. Rtde — To the square 
of the sum add the square of the base, and divide the .y.- 
number by .the sum of the hypotenuse and perpendi- 1(0 
cular, and ike quotient will be the length of the h3rp0' 
tenuse. 

EXAMPLES. 

1. The base of a right-angled triangle is 34 chains, 
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and the siun of the hypotenuse and perpendicular is 
60 chains — ^What is the length of the hypotenuse 7 

Ans. 34,8 chains. 
2» A tree 100 feet high, growing perpendicular on a 
plane, was broken off by a blast of wind ; the broken . 
part resting on the upright, and the top on the ground 
30 feet from the base — ^What was the length of the 
broken part? Ans. V^^ )/ ^' 

OP EaUILATERAL TRIANGLES.' 

An equilateral triangle is one 
whose sides are of equal length, 
and consequently the angles are 
all equal, each containing 60 de- 
grees. 

PROBLEM I. 

To find the area of an equilateral triangle. Ride — 
multiply the square of the side by ,433013, and the pro- 
duct will be the area. 

XXAMFLES. 

1. What is the area of an equilateral triande whojse 
side is 20 chains ? Ans. 17,32052 acres. 

2. How many square yards in an equilateral triangle 
whose side is 30 feet ? Ans. 43,3013 yards. 

3. How many acres in an equilateral triangle whose 
side is 40 rods ? Ans. 4,33Q|^ acres. 

PROBLEM II. 

The side of an equilateral triangle given, to find the 
perpendicular. Mule — ^Prom the square of the given 
side subtract the square of half the side, woA the square 
root of the lemainder will be the perpendicular. 

EXAMPLES. 

1. What is the length of a perpendicular dropped 
firom one of the angles to the middle of its opposite side 
of an equilateral triangle, >iirhen the side is 20 chains ? 

Ans. 17,32 chains. 
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2. What is the len^ of a perpendicular let &li from 
any anfi^le of an equilateral triangle to its opposite side, 
when the length of the side is 12 chains ? 

Ans. 10,3923 + chains. 

PROBLEM III. 

• 

The area of an equilateral triangle and the perpendi- 
cular given, to find the side. JRide — Divide twice the 
area by the perpendicular, and the quotient will be the 
length of the side. 

1. The area of an equilateral triangle is 11 acres, 3 
roods, and 16 rods, and the perpendicular 13,8564 chains 
— ^What is the length of the side ? Ans. 68,416 + rods. 

2. The area of an equilateral triangle is one acre, 2 
roods, and 16 rods, and the perpendicular is 21,26 rods 
—What is the length of the side ? Ans. 23,9887 + rods. 

PROBLEM IV. 

The area and side of an equilateral triangle given, to 
find the perpendicular. Rule — Divide double the area 
by the given side, and the quotient will be the perpen- 
dicular. 

EXAMPLES. 

1. The lenffth of the side of an equilateral triangle is 
16 chains, and the area 11 acres, 3 roods, and 16 rods 
— ^What is the length of the perpendicular ? 

Ans. 14,8125 chains. 

PROBLEM V. 

The area of an equilateral triangle being given to 
find the side. Rule — Divide the area by the decimal 
,433013, and extract the square root of the quotient. 

EXAMPLES. 

1. The area of an equilateral triangle is 24 acres— 
What is the length of the sides ? Ans. 23,5426 chains., 

2. The area of an equilateral triangle is 4 acres, 2 
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roods, and 5 rods — ^How many chains in the len^ of 
the side. Ans. 10,229 chains. 

3. The area of an equilateral trian^e is one square 
chain — How many feet in the length of the side. 

Ans. 100,29 feet. 

PROBLEM VI. 

When the len^ of three perpendiculars let &ll 
from a point withm an equilateral triangle to the oppo- 
site sides, are given, to determine the length of the sides. 
Ride — Add me len^h of the three perpendiculars 
together, and divide me sum by half the square root of 
the number three, the quotient will be the length of the 
^ide. 

EXAMPLES. 

1. The sum of three perpendiculars let fall from a 
point within an equilateral triangle is 45 chains and 
40 links — What is the length of the sides of the triangle. 

Ans. 52,4233 chain& 

2, The three perpendiculars let fall from a point 
within an equilateral trian^e are 26,32 and 19 rods — 
How many acres are contained in the triangle ? 

Ans. 21,39 — acres. 
8. The three perpendiculars let fall from a point 
within an equilateral triangle are 16 feet 6 inches, 24 
feet, and 32 feet six inches — How many square rods 
does the triangle contain. Ans. 1,13 square rods. 

OF THE ISOSCELES TRIANGLE. 

An isosceles triangle is that which has 
two sides of equal length, consequently 
two of the angles are also equal. 

PROBLEM I. 

To find the area of an isosceles triangle ha:ving the 
length of the sides given. Rule — From the square of 
one of the equal sides subtract the square of half the 
unequal side, and the square root of the remainder will 
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I 

be the length of a perpendicular let fell from the verti- 
cal angle to the centre of the base or unequal side 5 
multiply half the length of the base by the perpendicu- 
lar, and the product will be the area, 

EX(A.MFLE8. 

1. The two equal sides of an isosceles triangle are 
each 24 feet, and the base 32 feet — ^How many square 
rods does the triangle contain ? 

Alls. 1,0513 — square rods. . 

2. The base of an isosodes triangle is 25 chains, 
and each of the equal sides 30 chains — How many acres 
are contained in the triangle ? Ans. 34 acres and 14 rods. 

PROBLEM II. 

The area of an isosceles trian£;le and the length of 
the base being given, to find the length of each of the 
equal sides. Aule^ — Divide double the area by the 
base, and the quotient will be the perpendicular; then 
to the square of the perpendiculax add the square of 
half the unequal side, and the square root of tfie sum 
will be the length of each of the equal sides. 

EXAMPLES. 

1. The area of an isosceles triangle is 4 square rods, 
and the base 18 feet — What is the length of each of the 
equal sides ? Ans. 121,3342 feet. 

2, The area of an isosceles triangle is 48 rods, and 
the length of the base 8 rods — What is the length of 
each of the equal sides ? Ans. 12,649 + rods. 

OF THE SCALENE TRIANGLE. 

A scalene triangle is that 
whose sides are of different 
lengths, and consequently, the 
an^es are unequal. 

PROBLEM I. 

To find the area of a scalene triauigle, the base and 

3 
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perpendicular bein^ given. Ruie — ^Multiply the. base 
bjf b^ the perpendicidar : the product will be the area. 

1. The base of a scalene triangle is 18 roas, and the 
perpendicular 9 rods— Hew many square clhains does 
die tfiangle eontadh 1 An& 5iV square chaina 

2« The base of a scalene triangle is 15 chains, and 
the perpendicular 18 feet-»*-How many square rods does 
the triangle contain ? Ans. 32,7272 square rods. 

3. The base of a scalene triangle is 18 rods, and the 
area 4 acres — What is the length of the perpendicular? 

Ans. 71i rods. 

PROBLEM II. 

When the three sides of a scalene triangle are given, 
to find the area. Rule — ^Add the three sides together, 
and from their half sum subtract each side separately; 
multiply the half sum and their remainders together, 
and the square root of the continual product will be 
the area. 

EXAHFLES. 

1. The sides of a scalene triangle are 16, 18, 24 
chains — How many acres does it contain ? 

Ans. 14,4 - — acres. 

2. The three sides of a scalene triangle are 12, 16, 
20 rods — ^How many square rods does it contain ? 

Ans. 96 square rods. 

3. How many square rods in a scalene triangle whose 
sides are 24, 36, and 44 feet ? Ans. 2,46 — nearly. 

PROBLEM III. 

When the three sides of a scalene triangle are given, 
to find the length of a perpendicular which will divide 
it into two right angles. Rtde — ^As the whole length 
of the base is to the sum of the other two sides, so is 
the difference of those sides to the difference of the 
segmenid of the base ; half the said difference acjded 
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to half die base, givta liie iong^iat of the two segtttentsh-^ 
aubiraoted, leaves the less ; then from the :squa3^ ^f the 
flhorletA side ssuibtzaN^t the aqtoate of the fshbrtest seg- 
msDjt^ ahd the square root of the remainder vnH be ttie 
length of the perpendicular, 

EXAMPLES. 

1. The three sides of a scalene triangle is 14, 18, 
and 20 feet — ^What is the length of a perpendicular 
which will divide it into two right-angled triangles? 

Ans. 12,2376 + feet. 

2. The three sides of a scalene triangle are 40, 60, 
80 chains — What is the length of a perpendicular which 
divides it into two right angles. Ans. 29,0473+ chains. 

PROBLEM IV. 

The proportion of the three sides of a scalene 
triangle are given, to find the length of the sides oi a 
triangle corresponding with a given area. iiW^— Find 
the area of the trian^e accorduig to the given propor- 
tion f then as, that area is to the square of either of its 
sides, so is the area given to the square of its similar 
side. 

EXAMPLES. 

1. The three sides of a triangle are in the proportion 
of 3, 4, and 6 chains— Required the length of the sides 
of a triangle in the same proportion, containing one 
acre. Ans. 4,1085, 5,4776, and 8,2164 chains. 

2. The area of a piece of land is 120 acres, 3 roods, 
and 4 rods, in the ktm of a scalene triangle — What 
must be the l^igth of the sides in the proportion of 9, 
8, and 6 ? Ans. 172, 229f, and 258 rods. 

3. What is the length of the sides of a scalene tri- 
angle containing 10 aer^, in ihe proportion of 5, 11, 
18 7 Ans. 9,64, 21,208, and 25,064 chains. 

PHOBLEM V. 

The area one side and the sum of the three sides of 
a scalene triangle being giveta, to find the other two 
sidea^ JSicJ^-r^Mult^y the sqife9iite^'6f tfie half sum by 
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the square of the difference between ibe half mim and 
jl;he siun of the unknown 3ide^ and to their {nroduct 
add the square of the ajrea for a dividend. Midtiply 
the half . sum by the said difference fpr a divisorythe 
quotient will be the product of the two unknown sides ; 
then from the square of the half sum of the two un- 
known sides subtract their product, and the square root 
of the remainder will be the half difference ; which, 
added to the half sum, wiU give the longest of the 
unknown sides — subtracted, will leave the shortest. 

EXAMPLES. 

1. The sum of the three sides of a scalene triangle 
is 40 chains ; the one is 18, and the area is 5 acres, 2 
roods, and 26 rods — What is the length of each of the 
other sides ? Ans. 48^032, and 39,968 rods. 

2. One side of a scalene triangle is 20 rods, and the 
sum of the other two is 60 — What must the length of 
each be so that the triangle shall contain one acre ? 

Ans. 32,168 and 17,842 rods. 

3. One side of a scalene triangle is 20 feet, and the 
sum of the other two is 30 ; the square of the area is 
11376 — What is the length of each of the other sides? 

Ans. 18 and 12 feet. 

OF THE TRAPEZIUM. 

A trapezium is an irregular quad- 
rilateral figure, whose sides are of 
different lengths, and consequently 
all the angles different. 

PROBLEM I. 

To find the area of a trapezium^ the length of the 
diagonal and .pen)^ndiculars beinff given. Ride — ^Mul- 
tiply the sum of the perpendiculars by the diagonal, 
and half the product will be the area. 

EXAKFLES. 

1. What is the area of a trapezium whose diagonal 
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is 24 chMKt aiid.S? UDk3) ihe sum.of the^two pifnK 
diculars lel.ftU frcoH the angles. W the diagoiMU, faaiBig': 
21 ehams, and Uiioks ? ; ' . : t . : 

ioifi. 2S acres, 2 loodii, itt34 24 ifodil) 

2. Hol^ manyacrcifsuiaitr^pesittm Nvhote diagobal 
is 33 rods, aad die mm of the perpendicular 24 lods? 

Ans. 2 acres, 1 rood, and 36 rods. 

3. How many sqtmite rods' in a trapezium whose 
diagonal is 108 feet 6 inches, and the perpendiculars 
66 teet 3 inches, and 60 feet, 9 inches ? 

Ans. 23,314 square rods. . 

4. How many acres in a trapezium whose dia£;onal 
is 80,6 chains, and the perpendiculars 28,4, and 28,3 
chains ? Ans. 204 acres, 2 roods, and 28 rods. 

OF THE TRAPEZOID. 

A trapezoid is a quadrilateral 
figure having two parallel sides. 
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PROBLEM I. 

To find the area of a trapezoid 
having the le^igth of the two par^lel sides loid the per^* 
pendicular distance between them given. JRtde — Add 
the two parallel sides together, and multiply the aunt by 
the perpendicular, half me product will be the area. 

1 . The parallel sides of a trapezoid are 34 diains and 
46 links, and 38 chains and 40 links, and the jpeirpeft- 
dicular 16 dmins and 20 links — ^How many acres does it 
contain ? Ans. 50 acres, 3 roods, and 26 rods. 

2. The perpendicular distance between the two 
paraM sides of a trsipezoid is 4jS rods, and the length of 
the parallel 4sides are 12,7'5 roas, and 16,67 Bods — H&w 
many square rods does it contun 1 

Ans. 66,195 square rods. 

3. The length of the parallel sides are 14 ftet < 
inches, and 24 feet 9 inches, and the perpendicular difr* 
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tonee between them is 8 feet 3- > in6h^--^Ii0w niaiiy 
sqoare feet does it eomtain. Ans. 161,9 4- feet 

4. How many square rods are c<m&uhed in a trape- 
zoid whose paraUel sides are 5-chaihs 16 links, and 
9 chains 14 lii^, and their perpendicular distance 3 
chains 7 links ? ' Ans. 361,2 square rods. 

OP POLYGOWS. 

PROBLEM I. 

To find the area of any regular polygon. Rule. — 
Multiply half the perimeter* by a perpendicular &Uing 
fixim the centre of the figure upon the middle of one of 
the sides, and the product will be the area of the poly- 
gon. 

EXAMPLES^ . 

1. Required the area of a regular 
pentagon whose side is 25 feet, and 
perpendicular 17,2 feet. 

Ans. 1075 feet. 

2. Required the area in square 
rods of a hexagon, whose side Ls 14,6 
feet, and perpendicular 12,64. 

Ans. 2,0335 square rods. 

3. How many acres are contained in a regular hejv 
ta^on, whose sides are each 19,38 chains, and perpendi- 
cular from the centre 20 chains ? Ans. 135,66 acres. 

4. How many square rods are contained in an octa- 
gon, whose sides are each 9,941 feet, and the perpendi- 
cular firom the centre 12 feet ? 

Ans. 1,7526 square rods. 

PROBLEM II. 

To find the area of any regular polygon when the 
iiide only is given. Rtde, — ^Multiply the square of the 
«de of the polygon by the number standing opposite to 
its name in the following table, and the product will be 
Ihe area. 

• The Perimeter of any figure is the sum of all its sides. 
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lb.' ■# «**i^ AnM of 4ie follqwinff ngnlar 

Mf. •■ mmmrm. figi»B8 whoso MdMtletone. 

3 TrigOTi, or triangle . . 0,4330127 

4 Tetragon, or square * . 1,0000000 
6 Pentagon 1,7204774 

6 Hexagon 2,5980762 

7 Hept^on . ... . 3,6^9124 

8 Octagon 4,8284271 

9 Nonagon 6,1818242 

10 Decagon ..... 7,6942088 

11 Undecagoii 9,3656399 

12 Dodecagon ..... 11,1961524 

The above table should be made by all students who 
understand plain Triffonometry. 

Note, — The multipfiers named in the table are the 
areas of their figures whose side is one. 



0,6773603 
0,7071068 
0,8506508 
1,0000000 
1,1523824 
1,3066628 
1,4619022 
1,6180340 
1,7747324 
1,9318517 



EXAMPLES. 



1. The side of a pentagon is 25 feet — What is its area? 

Ans. 1075,298 + feet. 

2. The side of a hexagon is 24 feet — What is its 
area ? Ans. 1496,49 + feet. 

3. What is the area of a heptagon whose side is 16 
(eet ? Ans. 930,28 + square feet. 

4. How many square yards in an octagon whose side 
is 12 feet 6 inches ? Ans. 83,8268 + square yards. 

5. How many acres in an enn^agon whose sides are 
each 15 chains in length ? 

Ans. 139 acres and 14 perches. 

6. How many pieces each 4 inches square may be 
cut from a decagon whose side is 12 inches ? 

Ans. 69^48 — pieces. 

7. How many square rods are contained in an unde- 
cagon whose side is 4 rods in length ? 

Ans. 149,85 + square rods. 

8. Each side of a dodecagon is 9 inches — How many 
square feet does it contain ? Ans. 62,98 — . 

PROBLEM III. 

When the area of any regular polygon is given, to 
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find the side. Dividex the at^a by the number in the 
table eoirrespoQEHliiig \rith the figure, and tbe sqpiare 
root of die quotient will be the lei^fth of the side. 

EXAMPLES. 

1. The area of a pentagon is 4 acres— tHow nxircy 
perches are contained in the side ? 

Ans. 19,287 + perches 

2. The area of an octagonal floor is 560 feet — ^Whar 
is the length of tlie side? Ans. 10,769 + feet. • 

3. Bequired the length of the side of a hexagon pon*- 
taining one acre. 

Ans. 7,8475 + perches the length of the side. 

TO DIVIDE A saiTARE. 

PROBLEM I. 

To cut off a given area from a square, parallel to 
either side. Rule — Divide the given area by the 
length of the side ; the quotient will be the length on 
the other side. 

EXAMPLB8. 

1. The sides of a perfect square are 16 chains — What 
must be the length of the other side to leave 15 acres at 
the end ? Ans. 9,375 chains. 

2. What length must be cut off from a square whose 
sides are 20 chains and 14 links, to leave 10 acres at 
the end ? Ans. 4,986. 

3. The area of a square piece of land is 6 acres, 2 
roods, and 14 rods — What is the length of that piece, 
the breadth remaining the same, which shall contain 3 
acres and 6 rods of land ? 

Ans. 16,264 rods the length of the side. 

PROBLE»l It. 

To cut off a given quantity from the angle of a 
square, the lengtii of the sides being given. Rule — 
Find ttie area of half the given square ; then say^ as 



Sec. I.] MENSURATION OF SUPERFICIES. 33 

half the given aoea is to the sq[uaxe of the giyeu side, 
so 19^ the 9xea teft : at the verticle atngJeto the square of 
its side — ^the squaiexoot of which wiU be lhe:]0iigth on 
each side. • • . 

EXAMPLES. 

1: Th0 l^gth of the^ side of a perfect square is 10 
chains and 18 links — What is the length of the sides of 
an isos^les triangle, cut from the angle of this square, 
confaihing 4 acres ? Ans. 8,9442 +. 

2. The area of a square is one acre^— Wliat length 
shall I run from either comer to cut off an isosceles tri- 
angle containing twenty-five rods ? Ans. 7,071 rods. 

TO DIVIDE A PARALLELOGRAM. 

PROBLEM I. 

The sides of a parallelogram are ^ven, to cut off a 
given area parallel to either side. Kule — Divide the 
area given by the side, which is to retain its length, and 
the quotient will be the length of the other side. 

EXABIPLES. 

1. The sides of a rectangular parallelogram are 18 
chains and 16 links, and 12 chains 16 links — What 
must the length be to leave 12 acres adjoining the 
shortest side ? Ans. 8,28i34 chains. 

2. The length of a parallelogram is 12 chains, and 
the breadth 8 chains 74 linlS — What must be the 
breadth, the length being the same, to contain 4 acres ? 

Ans. 3i chains. 

PROBLEM It. 

The sides of a paralldogtam are given, to cut off a 
given area from either of the angles. Rvle—As half 
the arfea of the parallelogram is to the square of its 
given side, so is the area left at the vertide angle to 
me square of its similar side; 

EXAMPLES. 

X, The length of the sides of a pGurallelogram is 18 
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cbfeikis, and 12 dasms 48 links — ^Whnt is the length of 
the sides of a triangle^ cut <Mff from (either of itibL64U:)gIes 
of the paTalldogrftin, oontaiiimg 7 aicres 3 
Ans. 14, 21, and 9,85 chain;s, the length of the te^ 

quired sides. 

2. How many rods from either angle of a rectangu- 
lar paralleiogram must I maasure to hav^ei 4i acres, 
supposing the area of the parallekigram is 12 aores and 
3 roods, and the shortest side is 5 chains ? 

Ans. 85,7 rods the longest, and 16,8 the shortest side. 

3. How many chains from either an^e of a paral* 
lelojgram, whose sides are in the proportion of 2 to 3^ 
must I measure to cut oflf 3 acres, provided the paral- 
lelogram contains 9 acres, 2 roods, and 16 rods ? 

Ans. 6,708 and 4,472 chains. 

OF THE MVISION OF TRIANGLES. 

PROBUZM I. 

The base and perpendicular of a right-angled trian- 
gle are given, to divide into two or more parts by lines 
parallel to either base or perpendicular, to find tfie 
length of the base or perpendicular. litUe — ^As tha 
whole area is to the square of the given side, .so is the 
area left at the angular point to the square of the re- 
quired side, the square root of which wUl be the side. 

EXAMPLES. 

1. The base of a right-angled triangle is 20 chains, 
and the perpendicular 12 chains and 14 links, to be 
divided hito two equal parts by a line parallel to the 
perpendicular — ^Required the length of the base of each 
pairt. Ana. 14,1421 length of the greater base, and 

6,8679 — the less. 

2. The base of a right-angled triai^le is 18 rods^ 
and the perpendicular 12 rods, to be divided into thrae 
equal parts by lines parallel to the base — ^Required the 
length of the perpendicular of each part. 

Jtes. 6598I --, 8,877 — , and 2,808 + rods. 
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3. The base of a right angled triangle is 24 chains, 
and the perpendicular is 18 chains, to be divided into 
three parts by lines paraUel to the perpendicular in the 
proportion of 2, 3, 4 — Required the length of the base 
of each part. Ans. 11,3137, 6,5753 and 6,111 chains. 

PROBLEM II.' ' 

Tlie area of any triangle being given, to be divided . 
into two or more parts. Rule — ^As the whole area is to 
the square of e4th€7 side, so is the area left at either 
angle to the square of its similar side. 

EXAHFLES. 

1. The side of an equilateral triangle is 12 chains, to 
be divided into three equal parts by lines parallel to 
either side — Required the length of each part from the 
verticle angle. 

Ans. 6,921, 9,798 chains, the sides required. 

2. The three sides of a triangle are 12, 18, and 20 
rods, to be divided into two equal parts by Knes parallel 
to the base or longest side — Required the length of each 
part from the angle opposite to the base. 

Ans, 8,485, and consequently the other part 3,515 

rods the other. 

3. The three sides of a scalene triangle are in the 
proportion of 4, 5, and 7, containing 21 acres, to be 
divided into three parts by lines par^lel to the longest 
side, the parts being in the proportion of 2, 3, and 5 — 
Required the perpendicular distances asunder of those 
lines. Ans. 3,9806 and 3,9322 chains. 

4. The base and perpendicular of a scalene triangle 
are in the proportion of 3 to 2, and the area is 12 acres 
— ^What must be the perpendicular distances asunder 
of the lines which will divide the triangle into three 
equal parts, those lines being parallel to the base 'I 

Ans. 2,321, and 3,025, the distances required. 
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SECTION n. 




OF CIRCLES. 

A CIRCLE is a plane, bounded by a line 
which is equally distant from a point with- 
in called the centre. The bounding line 
is called the circumference or periphery^. 
An arc is any portion of that circumfe- 
rence. A semicircle is half, and a quad- 
rant is a quarter of a circle. The diameter is a straight 
line drawn through the centre, and terminated both 
ways by the circumference. 

PROBLEM i> 

To find the circiunference of a circle, the diameter 
being given. Rule — Multiply the diameter by 3,1416, 
and the product will be the circumference. Or, as 113 
is to the diameter, so is 355 to the circumference. 

Note. — The above proportions are very near the truth, 
and are those in general use, the first being about as 
much too large as the second is too small. Its exact- 
ness cannot be found. 

EXAMIPLES. 

1. What is the circumference of a circle whose dia- 
meter is 12 rods ? Ans. 37,6992 rods. 

2. What is the cil^cumference of a circle whose dia- 
meter is 18 chains and 30 links ? Ans. 57,49128 chains. 

3. What is the circumference of a wheel whose dia- 
meter is 5 feet 2 inches ? Ans. 16,2316 feet. 

PROBLEM It. 

The circumference given to find the diameter. Ride 
— ^Multiply the circumference by 113, and divide the 
product by 365 ; the quotient will be the diameter. Or, 
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divide the giireii drcum&renice by 3^141& ; the; ^Uo^nt 
will be the diameter. 

EXAMPLES. 

1. The circumference of a circle is 16 chains — What 
is its diameter ? Ans. 6,0929 + chains, 

2. The wheel of a perambulator turns once aind a 
half in a rod-^What is its diameter ? Ans. 3,5 + feet 

3. If the circumference of a carriage wheel be 16 feet 
6 inches, what is its diameter ? Ans. 5,2521 feet. 

PROBLEM III. * 

The diameter given, to find the area. Rule — Multi- 
ply the square of the diameter by ,7854, and the pro- 
duct will be the area. 

EXAMPLES, 

1. The diameter of a circle is 16 chains — How many 
acres are contained within its periphery ? 

Ans. 20 acres, roods, 17 perches. 

2. The diameter of a circle is 18 rods — ^How many 
acres does it contain ? Ans.. 1,59 + acres< 

3. How many square feet are contained in a circle 
whose diameter is 4 feet 3 inches ? 

Ans. 14,1862876 square feet. 

4. What is the value of a circular garden whose dia- 
meter is 6 rods, at the rate of 8 cents per square foot ? 

Ans. 615,816432 dollars. 

PROBLEM IV. 

The area of a circle given, to find the diameter. 
Rule — Divide the area by the decimal ,7854, and ex- 
tract the square root of the quotient. 

EXAMPLES. 

1. The area of a circle is 6 acres, 3 roods, and 26 
rods — What is its diaoneter ? Ans. 34,7 rods. 

2, The area of a circle is 5 square chains — What is 
its diameter ? Ans. 2,623 -f chains. 
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3. What is the len^ of a rope, £9ustened to a stake 
in the centre of a circle, and the other end to the nose 
of a horse, which will permit him to feed on 2 acres of 
land ? Ans. 2,5231 chains. 

4. A circle contains If acres of land, worth 361 dol- 
lars per acre — ^How many dollars, allowing each to be 
1+ inches in diameter, will reach across the circle 
tfirough the centre. Ans. 2492,3184 dollars. 

PROBLEM V. 

» 

The circumference given, to find the area. Jitde--^ 
Multiply the square of the circumference by the deci- 
mal' ,07958, and the product will be the area. 

EXAMPLES. 

1. The circumference of a circle is 24 chains — ^How 
many acres does it contain ? 

Ans. 4 acres, 2 roods, 13 perches. 

2. TTie circumference of a circle is 120 rods — How 
many acres does it contain ? ' Ans. 7,1622 acres. 

3. The circumference of a circle ils one rod — What 
is its area ? Ans. 21,665 square feet 

PROBLEM VI. 

The area of a circle is given, to find the circumfe- 
rence. Rule — Divide the area by the decimal ,07958, 
and the square root of the quotient will be the circum- 
ference. 

EXAMPLES. 

1. The area of a circle being 2 acres, 3 roods and 12 
perches, what is the circumference ? 

Ans. 75,3657 + rods. 

2. The area of a circular garden being one acre, 
what is the length of a stone wdl which will enclose it ? 

Ans 44,839 + rods. 

3. The ^alne of a circular fish pond, at 4 dollars per^ 
square rod, is $46,50— How many dollars will encircle 
it, if the diameter of a dollar be 1^ inches ? 

Ans. 1595,3916 dollars. 
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PROBLEM VII. 

To find the length of any arc of a circle. Rtde — Ab 
360 degrees are to the circumference of the circle, so is 
the number of degrees contained in the axe to the length 
of the arc requirai. 

SXAMFLSS. 

1. What is the len^h of an arc of 16 degrees, in a 
circle whose diameter is XOO feet ? Ans. 13^9626 feet. 

2. The diameter of a circle is 36 feet 3 inches — What 
is the length of an arc of 30 de^ees ? Ans. 9,49 + feet. 

3. The circumference of a curcle is 24 chains and 64 
links — ^What is the length of an arc of 41 degrees ? 

Ans. 2,8062 + chains. 



A.ro 




OP THE CHORD. 

A chord is a straight line which joins the 
two extremities of an arc. The versed 
sine of an arc is that part of the diameter 
contained between the chord and the arc. 



PROBLEM VIII. 

The chord and versed sine given, to find the diame- , 
ter of the circle. Mule — Divide the square of half the 
chord by the versed sine, and to the quotient add the 
versed sine ; the sum will be the diameter of the circle. 

EXAMFLXS. 

1. The chord of an arc of a circle is 12 feet, and the 
versed sine is 2- — ^W)iat is the diameter of the circle ? 

Ans. 20 feet. 

2. The chord of the arc of a circle is 2 chains and 16 
links, and the versed sine is 80 links — ^What is the dia- 
meter of Ibe circle ? Ans. 2,258 chains. 

3. The chord of the arc of a circle is 6 rods, and the 
versed sine is 2 rods — ^What is the diameter of the cir- 
cle ? Ans. 5,125 rods. 
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PROBLEM IX* 

The. versed sine of an arc and the diameter of a cir- 
cle given, to >find the chord. Rule — From the diaioe- 
ter subtract the versed sine ; multiply the rewiainder 
by the versed sine ; the product will be the square of 
half the chord, the square root of which will give the 
half chord. 

EXAMPLES. 

1. The versed sine of an arc is 7 inches, smd.the 
diameter of the circle 4 feet 6 inches — What is the 
length of the chord ? 

Ans. 3,023 feet, the length of the chord. 

2. The diameter of a circle is 18 teet, and the versed 
sine 2 feet — What is the length of the chord ? 

Ans. 11,3136. 

3. The diameter of a circle is 30 chains, and the 
versed sine 3 chains — What is the length of the chord ? 

Ans, 18 chains. 

PROBLEM X. 

The chord and versed sine of an arc are given, to 
find the arc. Rule — To the square of half the chord 
add the square of the versed sine, and the square root 
of their sum will be the lengtli of a diagonal line ; to 
this diagonal add ft of the difference between it and 
half the chord, and the sum will be the length of half 
the arc, the double of which will be flie length of the 
arc. 

EXAMPLES. 

1. The chord of an arc is 48 feet, and the versed 
sine 18 feetr-^itequiied the length of the arc. 

Ans. 64,286 feet. 

2. The chiord of an arc is 40, and the versed sine 15 
— What is the length of the arc ? Ans. 53,5714. 

3» The diameter pf a circle is 36, and the versed 
sine 2^What is the length of the arc ? Ans. 16,8192. 

4. The versed sine ofan arc is 12, and the diameter 
of the circle 60 — ^What is the length of the arc ? 

Ans. 55,689. 
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OF THE SECTOR. 

A Sector is a space contained between an 
arc and the two radii drawn from the ex- 
tremities of the arc ; it may be less or greater 
than a semicircte. 

PROBLEM XI. 

The chord and versed sine given, to find the area of 
a sector. Rule — Find the length of the half arc accord- 
ing to the preceding rule, and multiply it by the radii, 
or semi-diameter, and the product will be the area. Or 
if the degrees of the arc be ^ven, say as 360 degrees 
are to the circumference of the circle, so are the num- 
ber of degrees contained in the arc of the sector to the 
lei^h of the arc ; or as 360 degrees are to the area of 
the circle, so are the number of degrees contained in 
the arc of the sector to the area. 

EXAMPLES. 

1. The chord and versed sine of a sector are 40 and 
15— What is the area of the sector ? Ans. 558,0364. 

2. The diameter of a circle is 50 inches, and the 
versed sine 12 — What ia the area^ of the sector? 

Ans. 640,4 square inches. 

3. The versed sine of a sector is 18 inches, and half 
the chord of the arc 30 inches — What is the area of 
the sector ? Ans. 1260,7138 inches. 

4. The diameter ^£ a circle is 36 feet, and the num- 
ber of deuces contained in the arc of the sector 24 — 
What is me area of the sector ? Ans. 67,8685 +, 

5. The diameter of a circle is 28 chains, and the 
number of degrees contained in the arC' of the sector 
124— What is the area of the sector ? Ans. 212,0929 +. 
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OF THE SEGMENT. 

A segment of a circle is the space 
. contaiiied \;)etween an arc and its 
chord. Th^ chord is sometimes called 
the base of the segment. The height 
of a segment or versed sine, is the 
perpenmcular from the middle of the 
base to the arc. 

PROBLEM XII. 

To find the area of a segment, the chord and versed 
sine being given. 

Rule X. — Find by the preceding rule or rules, the 
area of the sector, then from the semi-diameter of 
the circle subtract the versed sine or height of the 
segment, and multiply the half chord by the re- 
mainder, subtract this product from the area of the 
sector, and the remainder will be the area of the seg- 
ment if less than a semicircle, but if greater, the last 
product must be added to the area of the sector. 

EXAMPLES. 

1. The chord of the segment of a circle 20 chains, 
and the versed sine or height of the segment 4 chains 
— What is the area of the segment? 

Ans. 55,16S5 square chains. 

2. The diameter of a circle is 30 rods, and the versed 
sine of a segment cut off by a plane is 6^rods — What is 
the area of the segment? Ans. 1QQ830 square rods. 

3. The diameter of a circle is 18 feet, and the chord 
of the segment is 12 feet — What is the area of the seg- / 
meat ? Ans. 18,9©§?Hsquare feet. 

J?t^e 2.^~Divide the height or versed sine by the 
diameter, dnd find the quotient in the table of versed 
sines ; multiply the number on the right hand of the 
versed sine by the square of the diameter, and the pro- 
duct will be tiiie area of the segment. 
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Note, — When the quotieiU arising from the versed 
sine, divided by the diameter^ has a remiEtMid^r qs frac- 
tion after the third place of decimals, having taken the 
area answering to the first three ficrures, subtract it 
from the next following area ; multiply the remainder 
hy the said firaction and add the product to the first 
area, and the sum will be the area for the whole quo- 
tient. 

EXAMPLES. 

1. If the chord of a circular segment be 40, and its 
versed sine 10, what is its area ? Ans. 279,5575. 

2. If the diameter of a circle be 52, and the versed 
sine 2, what is the area of the segment 7 

Ans. 26,9048 +. 

3. The diameter of a circle is 40 chains, and the 
versed sine 10 — What is its area ? Ans. 245,6736. 

4. The versed sine of the segment of a circle is 9 
chains, and the diameter 100— How many acres does 
it contain ? Ans. 35,011 acres. 

5. The chord of the segment of a circle is 20 rods, 
and the versed sine 4 — What is the area of the seg- 
ment ? Ans. 56,0014 rods. 

6. The chord of the segment of a circle is 30 rods, 
and the versed sine 5 — What is the area of the seg- 
ment? kv^/Ci./y?'t 

PROBLEM XIII. 

The diameter of a circle and the area of the segment 
given, to find the chord and versed sine of the segment. 
Rvle — Divide the given area by the square of the dia- 
meter, and the quotient will be the tabular area ; and, 
in the column to the left hand of the tabular area will 
be found the corresponding versed sine. Multiply the 
tabular versed sine by the given diameter, and the pro- 
duct will be the versed*sine required ; then from the 
diameter subtract the versed sine, and multiply the 
remainder by the versed i»ne ; the product will be the 
square of half the chord, the square root of which will 
be the chord required. 
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BZAIIPLS8. 

1. What is the len^ of the chord and versed sine 
of a segment containing 6 acres, cut off from a circle 
^ose diameter is 20 chains ? 

Ans. 4,92 the versed sine, 17,227 chains the chord. 

2. What is the length of a chord which will cut off 
i of the area of a circle whose diameter is 60 chains ? 

Ans. 48,216 chains the length of the chord, and 

18,386 the versed sine. 

3. If the diameter of a circle be 80 rods, what is the 
length of the chord, and likewise the versed sine which 
cuts off "J- of the area? 

Ans. 23,84 rods the versed sine, and 73,18 the 

chord required. 

4. How deep must I saw into a round log, 36 inches 
diameter, to cut it i off? Ans. 13,23792 inches. 

5. One-Mh of the area is to be cut off from a circle 
whose diameter is 60 rods — ^What must be the length 
of the chord and versed sine ? 

Ans. 15,24 rods versed sine, and 52,236 the chord. 

OP THE CIRCULAR ZONE. 

A circular zone is the space between 
two parallel chords.^ ^ It is called the 
middle zone when the two chords are 
of equal length. 

PROBLEM XIV. 

To find the area of a circular zone. Rule — Pi^om 
the area of the whole circle subtract the area of the two 
se^ents on the sides of the zone, and the remainder 
will be its area. 

EXAMPLlto. 

1. What is the area of the zone, if the chord of one 
segment be 8, and the versed sine of the other 4,8 ; the 
diameter being 12 ? 

Ans. 41,5501^ the area of the zone. 
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2. What is the area of the middle zone of a circle 
whose diameteF is ^5, and the versed sine of each s^g-. 
ment 5 ? Aiaws. 351,0968,5. the area required. 

3. If the Tersed sine of one segment be 18 chains, 
BXid the other IS, and the diameter 50 chains, what is 
the SfW of the zone ? Ans. 831,705 square chains. 

4. If -t of the area be cut off in one .segment, and the 
vei sed sine of the other be 10 feet, ^nd the diamete]* of 
the oiicle be 25 feet, what is the remaining part worth 
at the rale of 20 cents per square foot ? j)^. $41,868. 

5. The area pf a circle isf 7,854 saoxe^ find if i of the 
diameter be cut off in one segm^it and i in the other^ 
what will the remainder or zone be worth at 25 cents 
per square rod ? Ans. $39,7328. 

OF THE CIRCULAR RING. 

/A circular ring is the space included 
between the two peripheries. 

^ 

PROBLEM XV. 

To find the area of a circular ring, 

or space induded between the circum- 

ferenoesoftwooonoeBtriccirdes. Rvie 

' —The diflfemnce betweoi the areas of 

die two cvrcles will be the ai«a of the ring. Or, mul- 
tiply the sum of the diameters by their difference, >and 
this product by ,7854 ; it will give the required area. 

EXAMFIfES. 

1, The diameter of the inner circle is 12 rods, and 
the outer 20— What is the area of the ring ? 
^XV^iCA /:/>:%%-A"^s. 201,0624 rods, 

▼ »^»\ \^^J^72. The diameter of the buter circle is 24 chains, and 
the imier 16 chains — What is the area of the rin^ ? 
I Ans. 251,328 square chams. 

3* The area of the outer circle contains 100 acres, 
and the diameter of the inner is equal to f the diameter 
of the greater — What is the area of the ring ? 

Ans. 555,55 chains, area of the ring. 
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4. The circumference of the greater circle is 120 
chainis, and the diameter of the less is 28— ^What is the 
value of the ring at 8 cents per square rod? 

Ans. $678,828 +. 

6. The diameter of the greater circle bears the ssune 
proportion to the less that 3 bears to 2, and the area of 
me ring is 2 acres — ^What is the diameter of each cir- 
cle 1 Ans. 6,7704 chains the greater diameter, and 

4,5136 the less. 

6. The area of the inner drde bears such proportion 
to the area of the lin^ as 3 bears to 4, and the diameter 
of the less circle is 20 rods — ^What is the diameter of 
the greater ? Ans. 30,66 + rods and 

OF THE LUNE, OR CRESCENT. 

A lune, or crescent, is the space in- 
(;^uded between two circular arcs which 
intersect each other. 

PROBLEM xvi, 

To find the area of a lune, or crescent. Mule — ^Fipd 
the difference of the two segments which are between 
the arcs of the crescent and its chord ; that is, find the 
area of each segment, and the difference will be the 
area of the lune. 

EXAHPLES. 

1. The chord of the two segoients is 72, and the 
height of the segments are, the less 20, and the greater 
30 — What is the area of the crescent ? 

Ans. OO^^^I^the area of the lune.|g^ 

2. The length of the chorf is 40, the height of the 
less segment i, and the height of the greater 10 — ^What . 
is the area of the lune ? 

Ans. 172,0465, area of the lune. 

3. The length of the chord is 24, and the heights of 
the segments 10 and 2 — ^Required the area of tt^ lune. 

Ans. 148.2374 + the area required. 



y 
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4. The length of the chord is 48, and the heights pf 
the segments 18 and 12 — \^at is the area of the lune ? 

Ans. 233,8122, the area required. 

5. The length of Aie chord iiS 50, and the heights of 
the segments 18 and 15 — ^Required the area of the lime. 

Ans. 134,9435. 
iVb/6. — If semicircles be described on the three sides 
of a right-angled triangle as diameters, the two limes 
formed on the base and perpendicular taken together 
will be equal to the area of the triangle. 
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SECTION m. 



CONIC SECTIONS 



DEFINITIONS. 




1. The Conic Sections are such plain figures as are 
fonned by the cutting of a cone. 

2. A cone is a soUd, described by the 
revolution of a right-angled triangle 
about one of its legs which remains 
fixed. 

3. The axis of the cone, is the right line .about 
which the triangle revolves. 

4. The base of a cone, is the circle which is described 
by the revolving leg of the triangle. 

5. If a cone be cut through the vertex 
by a plane perpendicular to the base, 
the section will be a triangle. 



6. If a cone be cut into two parts by 
a plane parallel to the base, the section 
will be a circle. 
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7. Ka cone be civt b^r a plane which 
passes thitHigh its two slant sides in an 
oblique directi(Mi the seetioit will be an 
ellipsis. 



8. If two lilies be drawn 
thrdu£;li the centre of an elUpsis 
at right angles with each other, 
and terminated both ways by 
the circumference, the arc called 
the transverse, and conjugate 
diameters or axis; the longest 
line is the transverse axis, and 
the shortest the conjugate. 

9. An ordinate, is a right line 
drawn from any point of the curve 
perpendicular to either of the di- 
ameters; and the abscissa is that 
port of ^e diameter which is con^ 
tained between die vertex and the 
ordinate. 




10. If a cone be cut by a plane which 
is parallel to either of its dant sides, the 
section will be a parabola. 




II. The axis of a parabola, is a right 
line drawn from the vertex so as to di- 
vide the figure into two equa^arts. 
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10. The ordinate is a right line drawn from any 
point in the curve perpendicular to the axis. 

13. The abscissa is that part of the axis -winch is 
confiiined between the vertex and the ordinate. 

14 If a cone be cut into two parts by 
t. plane, which being continued would 
meet the opposite cone, the section is 
called a hyperbola. 

The transverse diameter, or axis of a 
hyperbola, is that part of die axis inter- 
cepted between the two opposite cones* 

,The conju^te diameter, is a line 
drawn throughout the centre perpendi- 
cular to the transverse. 

An ordinate, is a line drawn from any 
point in the curve perpendicular to the 
axis ; and the abscissa, is the distaiMsa in- 
tercepted between that ordinate and the vertex* 




PROBLEM I. 



When the transverse^ conjugate and abscissa 
given, to find the ordinata Rtde—^As the transverae 
diameter is to the conjugate, so is the square root of 
the product of the two abscissas to the ordinate which 
divides theip. 



EXAMPLES. 



« 

1. In the ellipsis the transverse diameter is 120, the 
conjugate diameter is 40, and the al)8cis8a 24 — Wlmt 
is the length of the ordinate ? 

Ans. 16 the ordinate required. 

2. If the transverse diameter be 40, the conjugate 30, 
and the abscissa 24, what is the length of the ordi- 
nate ? Ans. 14,697 the ordinate required. 

3. If the transverse diameter be 50> the conjugate 30, 
and the abscissa 18, what is the length of the ordi- 
nate '? Ans J^^ A, the ordinate required. 



jtc. mi come sBCTiONd. ^i 

• - < • 
.« 

When the transverse, conjugate and ordinate are given, 
to find the abscissa. Rtde—As the conjugate diameter 
is to the transverse, ^so is the square roat of the dttfer- 
ence of the squares of the ordinate and semi-conjugate 
to the distance betwew Ihe ordinate and centre; this 
distance bein^ added to and subtra^l^ froim the semir 
transverse, will give the two abscissas required. 

. . I . . . BXAHFKBS; 

1. The trafitsverse diameter is 120, the conjugate 
diafitete^ 40, and the ordinate 16 — What is the length 
of each of the two abscissas ? 

Ans. 96 and 24 the abscissas required. 

2. If the two diameters of an ellipse be 35 and. 25, 
and the ordinate 10, what is ' the length of the two 
abscissas ? Ans. 28 and 7, the abscissas required. 

3. If the two diameters of an ellipse be 60 and- 40, 
and the ordinate 12, what is the length of the two 
abscissas ? Ans. 54 and 6, the abscissas required., 

Wh^tfthcf conjugate, ordinate and abscissa are given, 
to 'find the transverse diameter. Rule — To or firom 
the semi-conjuffate, according as the greater or less 
abscissa is used, add or subtract the square root of the 
dififerencd of the squares of the ordinate and semi-con- 
jugate ; th^ as this sum or difference is to the abscissa, 
so is the conjugate to the transverse diameter. 

EXA.MFLSS. 

1. The .conjugate diameter is 40, the ordinate is 16, 
and the abscissa 24 — Required the transverse diameter. 

Ans. 120. 

2. The copjugate diameter is 60, the ordinate 18, and. 

the Abscissa Stir^^^JSiequital the transverse diameter • a 

Ans.jWv 
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3. The ordinate is 24, and conjugate diameter 60, and 
the abscissa 36 — ^What is <^ transverse diameter ? 

Ans. 180. 

PItOBLEM IV. 

f|%Le4va]!isver8e,i»diBate and abseissa being given, to 
iind>litieeonji»ga>te. J^te — ^As the square root of iJie 
product of the two 'abscissas is to the ordinate, so is the 
transverse diameter to the conjugate. 

EXAMPLES. 

1. The transverse diameter is 120, the ordinate 16, 
and the abscissa 24 — What is the conjugal diameter ? 

Ans*4J0. 

2. The transverse diameter is 82, the ordinate 8, and 
the abscissa 32 — What is die conjugate diameter ? 

Ans. 16,4, the conjus^ate required. 

3. The transverse diameter is 35, the ordinate 10^ 
and its abscissa 7 — What is the conjugate 7 

Ans. 25, the conjugate. 

PROBI^CSM V. 

The transverse and conjugate diameters are given, 
to find the circumference. jSt/fe— Multiply the square 
root of half the sum of the squares of the two diameters 
by 3,1416, and the product will be the circumferenoe 
nearly, 

EXAMPJLES. 

1. The transverse diameter of an ellipse is 24, and 
the conjugate 2Q — ^Bequixed its circumference. 

Ana. 69,398 — . 

2. The axes of an ellipse are 60 and 40— What is 
the circumference ? Ahs. 160,2216, the circumference, 

3. The transverse and conjugate diameters are 40 
and 30— What is its circumference 1 Ans. 111«071. 



PROBLEM VI. 



«li 



I^ transveiae and conjugate diameters are given, 
tbe area, Rtde — ^Multiply the transverse and 
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conjugate diameters tageiihdt^ and that product by 
^7^64 ; the last product will be the ai«a. 

1. I'he transverse aji^ obftju^^ate diaipetei^s are 6Q 
and 40 rods— How many acres goes it contain ? 

Alls. 11,7185 acres. 

2. The transv^i^ aud conjugate diameters ^e 40 
and 36 chains — How many acres does it contain ? 

Ans. 113,0976 acyes. 

3. The transverse and conjugate diameters are 12 
and 4 rods — How many square yards does it contain ? 

Ans. 1140,4 ^uare yards. 

PROBLEM Vir. 

1 

The transverse and conjugate diameters given, to 
find the diameter of a circle containk^ the same. area. 
JRide — Multiply die transverse and conjugate diameters 
together, and extract the square root of their product. 

1. The transverse and conjugate diameters are 36 
and 24 chainsr— What is tiie diameter of a cirde con- 
taining the same area ? Ans. 29,3938 -f chains. 

2. The transverse and conjugate diameters ai« 49 
and 16 rods — What, is the diameter of a drcle contain- 
ing the ssOtie area ? Ans. 38 rods. 

PROBLEM Vlil. 

To .find the area of an elliptical d^gment, wtios^ base 
is parallel to either of the axeiii of tfie eUi^. Atde — 
Divide the height of the segment by the verticle axeA, 
and the quotient will be ^e versed skie of the ]9^g$nent 
of a circle whose diameter is one ; find the ^^rea of tlits 
segment, and multiply it by tiie product of the two dia- 
Hietersr this li^ product wiU bethe acea of tbe^ ellip- 
tical segment. ' - 

' 6* . 
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EMMfUW. 

1. What is tb0 asea. of an elliftieal segmeDt whose 
height is 20, the vertical axis 80, and the parallel axis 
50? An3. .61,4184, the area required. . 

2. What is the area of an elliptical segment cut off 
parallel to the shorter axis, the height being 14 chain3, 
and the two a:^^ 2S .and 35 ? 

Ans. 256,697876 square chains. 

3. What is the area of an elliptical semient whose 
height is 15 feet) the vertical axis 60, and the parallel 
axis 40 feet ? Ans. 368,51 square feet. 

PROBLEJH IX. 

liQ a parabola, any thjpee of the four following terms 
being given, viz. any two ordinates, and their two ab- 
scissas, to find the fourth. Rule — ^As any abscissa is to 
the square of its ordinate, so is any other abscissa to 
the square of its CHxlinate. Or, as the square root of 
a&y abscissa is to its ordinate, so is the square root of 
any other ab6<»ssa to its ordinate. 

EXA^MPLES. 

1. The abscissa VF is 9, and V 
its ordinate E F 6 — ^Required 
the otdinate G W^ yrbsm abscissa 
y H is 16. Aos. 8, the ordinate. 

2. The two abs![?(^sas are 9 and 
16, and their correspcHsding oidi- 
xuitQB 6 and 8— Fro«i any three 
of these to find the fourth. 

Ans. 8 and 6. 

PROBLEM X. O 

To find the length of any arc of a parabola, cut off 
by a double oixlinate. Rule — ^To the square of the or- 
dinate add i of the square of the abscissa, and twice 
the squace root lof the sum will be the length of the 
carve le^mi. 

1^. The absciisa is 2, and its ordinate 6 — What is 
the length of the arc G Y K? 

Ans. 12,8582, the length of the arc. 




2. The abficisBa is 3, and its ordinate 6 — What is 
the length of the arc? 

Ans. 13,8564, the length of the arc. 

MOSLEM XI. 

To find the area of a parahola, its base and height 
being given. Rtde — ^Multiply the base by the hei^t, 
and t of the product will be the area required. 

BXAMfXSS. 

t. What is the ai^ea of a parabola whose height is 
1*2, and the base or double ordinate is 16 ? Ans. 128. 

2. The abscissa is 12, and tfie double ordinate 42 — 
What is the area 7 Ans. 336. 

3. The abscissa is 8, and the double ordinate 30 — 
What is the area of the parabola ? Ans. 160. 

4. What IB the area of a parabola whose abscissa is 
10 and ordinate 18 ? Ans. 120. 

PROBLEM XII. 

To find th6 area of th6 firustrum of a parabola. RiUe 
— Divide the difference of the cubes of the two ends of 
the frustrum by the difference of tiieir squares ; and 
this quotient, multiplied by f of the altitude, will give 
the required area. 

EXAMFLBS. 

1. In the paraboUc frustrum, the parallel ends are 6 
and 10, and the akitude, or part of the abscissa, is 3 — 
What is the area of the frustrum ? Ans. 24,5, the area. 

2. The greater end of the frustrum of a parabola is 
24 and the less 20, and their distance 6 — ^What is the 
area? Ans. 132,3636, the area required. 

3. Required the area of a parabolic fiiistrum, the 

freater end of which is 10, the less 6, and the l^ight 
,2. Ans. 34,3 the area requiri^. 
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OF THE HYPERBOLA. 

PROBLEM I. 

In a hyperbola any three pf the four following terms 
being given, viz. the transverse and conjugate diameters, 
an crrcfiniate and its abscissa, to find the fourth. 

PROBLEM IL 

The transverse and conjugate diameters, and the two 
abscissas being given, to fiiid the ordinate. Rule — ^As 
the transverse oiameter is to the conjugate, so is the 
square root of the product of thq two apscissas to the 
required ordinate. 

EXAMPLES. 

1. In the hyperbola G A F 
the transverse diameter is 120, 
the conjugate 72, and the ab- 
scissa A H is 40 — ^Required 
the ordinate F H. 

Ans. 48, the ordinate. 

2. Tjhie transverse diameter 24, the conjugate 21, and 
the less abscissa 8 — What is the ordinate. Ans. 14. 

3 The transverse of a hyperbola is 50, the coiyU' 
gate 30, and the less abscissa 12 — Required the ordi- 
nate. Ans. 16,3658 — the ordinate, 

PROBLEM III. 

The transverse and conjugate diameters and aft 
ordinate bein^ given, to find the two abscissas. Rule 
—As the conjugate diameter is to the transverse, so is 
the square root of the sum of the squares of the ordinate 
and semi-conjugate to the distance between the ordinate 
and the centre, or half the sum of the abscissas ; then 
tJie sum of this distance and the semi-transverse vnll 
give the greater abscissa, and their difference the less. 




mi the ordinate 48--'W1uit aie tbe tivo ^abecisaas ? 

; Ans. 160 ithef^greater, and 40 the te)». 

2. Th§ Iransverae and CQi^ugaite diameters are 24, 
and 2lT-B^uixf»d the two afascissaa to liie ordinate 14. 

4ns* 32 and 8, the abscissas required. 

3. The tmnsveiBe dimneter is 60, and the conjugate 
3&-^Bequii:ed Ule two ahsciasa;i to die oidinale 24. 

Ans. 80 iUnd 20. 

|>R0BL£M IV. 

The transverse diameter, the two abscissas, and the 
or(finate being given, to find the conjugate. Ride — As 
the square root of the product of the two abscissas is to 
ihe ordinate, 90 is the transverse diameter to the conju- 
gate. 

EXAHPLC8. 

l.'The transverse diameter is 60, the oxdinajbe 24, 
and the two abscissas are 80 and 20 — Required the 
conju^te diameter. Ans. 36. 

;^./The .trw^eise diameter is 36, the ordidttate 21, 
and.tbe absciasa^ 12, and ^S-^-Bequinied the ooajneate 
diameter, 4n8« 31^6 thi9 conji;^;ate xequirea. 

PR6BLEM V, 

The OGGalugate diata^r, the ordinate, and Che two 
abscissas beii^ giyen, to • find the transverse. Rule- 
Add the square of the ordinate to the square of the 
semi-conjugate and find the.Bquaje root c^ their sum. 
Take-M^sumcardilSei^Qoe of the semi-conjugate and 
this root according as the less or greater at^cissa is 
used, and then say — As the square of the ordinate is to 
the product of the abscissa and conjugate, so is the sum 
or difieMice above fofund to the transveiBe required. 
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1. Th^ OMijugiite diameter is 72^ the ordinate, i:^ 48, 
and the less abscissa 40 — ^What is the tmnsirerse di- 
ameter ? Ans. 120 the transverse dian}ete;r. 

2. The conjugate diameter is 21, the less abscissa 8, 
and its ordinate 14 — ^Required the transverse diameter. 

Ans. 24 the diameter require4. 

3. Required the transverse diameter of the h3rperbpla 
whose conjugate is 36, the less abscissa 90, and the 
ordinate 24. Ans. 60 the transverse. 



PROBLEM VI. 



To find the length of an arc of a hjrperbola begin- 
ning at the vertex. Ride — To 19 times the transyerse 
add 21 times the parameter of the axis and multiply 
the sum by the abscissa, divided by the transverse — to 
each of the products thus found, add 15 times the 
parameter, and divide the former by the latter, then this 
quotient being multipled by the ordinate \viU g|ve the 
length of the arc. 



EXAJCPLES. 



, 1. The transverse diameter of a hyperbola is 80^ 
the conjugate 60, the ordinate 10, and the abscissa 
2,1637 — ^Required the length of the arc. 

Ans. 10,3005 — the arc required. 

2. The transverse diameter of a hyperbola is 120, 
the conjugate 72, the ordinate 48, and the abscissa 40 
—'Required the length of the curve. ' Ans. 62,6448. 

3. Required . the whole length of the ci^ve of a 
hyperbola to the ordinate 16, the transverse and conju- 
gate axes being 80 and 60. - 

Ans. 34,28672 the curve required. 

PROBLEM VII. 

To %d fli^.arcja pf ft J(^yperbpla, the trim8T«iE9e and 
conjiigate oiameters and abscissa being given. 
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Rule 1. — To the product of the transverse and ab- 
scissa add t of the square of the abscissa, and multiply 
the square root of the sum by 21. 

Rtde 2. — ^Add 4 times the square root of the product 
of the transverse and abscissa to the product last found, 
and divide the sum by 76. 

RtUe 3, — Divide 4 times the product of the conju^te 
and abscissa by the transverse, and this last quotient 
multiplied by the fortner will give the area. . 

EXAMPLES. 

1. If the transverse and conju^te axes of a hyper- 
bola be 3Q and 18, and the abscissa or height be 10, 
what is the area ? Ans. 151,68 the area. 

2. If the transverse diameter be 100, the conjugate 
60, and the less abscissa 50, what is the area of the 
hyperbola ? Ans. 3220,3633584 the area required. 

3. Required the area of the h3rperbola to the abscissa 
25, the two axes being 5Qand 30. 

Aj^fjt^fH^i^ih^nxea, required. 




CO MENSURATION OF SUPERFICIES. ^^ VF. 



SEOTIQN IV. 



APPLICATION OF THE MENSURATION OP 

SUPERFICIES. 

PROBLEM I. 

The side of a square being given, to find the di- 
ameter of a circle containing the same area. Ride-- 
Multiply the side of the square by itself and divide the 
product by ,7854, the square root of the quotient will be 
the diameter. 

EXAMPLES* 

1. The side of a square is 16 chains — ^What is the di- 
ameter of a circle containing the same area ? 

*.^JI*\'^t^* ^Sfi^^9 + chains. 

2. The side of a perfe<5tsfli2Fe is 18 rods — Howmanv 
yards is the diametSr^#lr^rcle which contains the 
same area ? Ans. 111,7094 + yds. 



PROBLEM ti» 

The len^ and breadth of a rectangular parallelo- 
gram are given, to find the diameter of a circle that 
shall contain the same area. Rule, — Multiply the 
length of the parallelogram by its breadth, and divide 
the product by ,7854 and extract the square root of the 
quotient. 

EXAMPLES. 

1. The length and breadth of a paralleloj^ram are 
24 and 16 chains — What is the diameter of a circle 
which contains the same area ? 

Ans. 22,1116 — chains. 

2. The length and breadth of a parallelo^m are 
32 and 18 rods — What is the diameter of a curcle that 
contains the same area ? Ans. 27,0816 +. 
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PROBLKM iri. 



The base and perpendicular of a right-ang^ triangle 
being given, to find the diameter of a <*ircle which shall 
contain the satae area. Rule, — ^Multiply half the base* 
by the perpendicular and divide the product by ,7884, 
and eithict the square root of the quotient. 



EXABIFLX8. 



1. The base of a right-angled triangle is 17 rods, and 
the perpendicular 14 — How many chains will be the 
diameter of a circle which contains the same area? 

Ans. 3,077 chains. 

2. The base and perpendicular of a right-angled 
triangle are 16 and 20 ^^hains — How niany rods will 
be the diameter of a circle which contains the same 
area? *Ans. 67,092— 

PRO^]fiM IV. 

The difference between the hypotenuse and perpen- 
dicujlar is given, and the length of the base, to find the 
diameter of a circle which will contain the same area. 
Rule — From the square of the base subtract the square 
of the difference, divide the remainder by twice the dif- 
ference, and the quotient will be the perpendicular ; 
multiply the base by half the perpendicular, divide the 
product by ,7854, and extract the square root of the 
quotient 

EXAMPLES. 

1. The base of a right-angled triangle is 18 chains, 
and the hypotenuse is 6 to& longer than the perpen- 
dicular — How many rods will be the diameter of a 
circle which shall contain the same quantity ? 

Ans. 140,2279 rods. 

2. The diameter of a circle is required which shall 
contain 4 times as much surface as a triangle whose 
base is 24 chains, and hypotenuse 25 rods lon^r than 
the perpendicular. Ans. 204,9472 +. 

6 
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PRQBIiBM V. 

The three sides of a scalene txiangle given, to fii^ 
the diaineter of a circle equal in area thereto. Rule-^ 
Add the three sides of the scalene triangle together, and 
from their half sum subtract each side separately ; mul- 
tiply the half sum and these remainders continually 
together, and the square root will be the area ; divide 
the area by ,7854, and the square root of the quotient 
will be the diameter. 

EXAMPLES. 

1. The three sides of a scalene triangle are 14, 18, 
and 24 chains— What is the diameter of a circle contain- 
ing the same area ? Ans. 12,6267 chains the diameter. 

2. The three sides of a scalene triangle are 18, 20, 
and 26 rods — What is the diameter of a circle containing 
3 times as much ? Ans. 26,1916 + rods the diameter. 

» 

PROBLEM VI. 

The three sides of a scalene trian&^le being given, to 
find a point equally distant from each of the angles, or 
the diameter of a circle circumscribing the triangle. 
Ride — As the whole length of the base is to the sum of 
the other two sides, so is'the difference of those sides to 
the difference of the segments of the base ; half the said 
difference added to half the base gives the greater of the 
two segments, subtracted leaves the less ; then from the 
square of the shortest side subtract the square of the 
shortest segment, and the square root of the remainder 
will be the length of a perpendicular let fall from the 
angle opposite me base to the base : then, as this per- 
pendicular is to the longest side except the base, so is 
the shortest side to the diameter of a circle whose pe- 
rij^ery will pass through all the angular points ; half 
that cQaraeter will be the distance from each of. tho 
angles. 



Sbc. IV.] MENSURATION OP SUPE&F'ICIES. 63 

BXAMPLES. 

' 1. The three sides of a scalene triangle are 6, 7, and 
9 chains — How far from eadi of the angles must a 
buildinff be placed to be equally distant from each of 
the angles ? Ans. 4,60644 chains. 

2. The three sides of a scalene triangle are 32, 40, 
and 60 rods — What is the diameter of that circle whose 
periphery wjll p^uss through all the angular points ? 

Ans. 64,9 rods. 

PROBLEM VII. 

< Haying the transverse and conjugate diameters of an 
ellipsis given, to find the diameter of a circle containing 
the same area. Rule — ^Multiply the two diameters to- 
gether, and extract the square root of the product. * 

EXAMPLES. 

1. The transverse diameter of an ellipsis is 34 chains, 
and the conjugate 18 — ^What is the diameter of a circle 
containing the same area ? Ans. 24,7386 +. 

2. The transverse and conjugate diameters are 18 
and 12 rods— What is the diameter of a circle contain- 
ing 5 times as much ? Ans. 32,86335 + rods. 

3. The two diameters of an elUpsis are 40 and 30 
feet — ^How many yards will the diameter of a circle be 
that contains 3 times as much ? Ans. 20 yards. 

PROBLEM VIII. 

To fhid the diameter of a circle circumscribing a 
square. Rule — ^Extract the square root of double the 
squ^e of one side. 

i 

EXAMFLSS. 

1. The side of a square is 15 feet — ^What is the dia- 
meter of its circumscribing circle ? Ans. 21,2132 +. 
, 2. The side of a square is 21 chains — How many 
rods is the diameter of its circumscribing circle? 

Ans. 119,2 — . 



r 
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PROBLEM IX. 

The diameter of a circle being given, to fiiid the side 
of its greatest inscribed square. i2We>-E^tract the 
square root of half the square of the diameter. 

EXAMPLES. 

1. The diameter of a circle is 18 chains — What is 
the side of its greatest inscribed square ? 

Ans. 12,7279 + chains. 

2. The area of a circle is 26 acres — What is the area 
of its greatest inscribed square, and likewise the area 
of the 1 segments that reduce the circle to a square ? 

Ans. 159,16457 square chains the area — 90,84543 
the area of the segments ; the length of the sides 
is 12,6156 + chains. 

3. The circumference of a circle is 28,2744 chains — 
How many acres are contained in its inscribed square ? 

Ans. 4,06 acres. 

PROBLEM X. 

The len^h. and breadth of a rectan^lar parallelo- 
gram are given, to find the diameter of its drcumscrib- 
uig circle. Rule — ^Extract the square root of the sum 
of the squares of the length and breadth. 

EXAMPLES. 

1. The lengtih of a parallelogram is 16 feet, and the 
breadth 12 — What is the diameter of its circumscribing 
circle ? Ans. 20 feet. 

2. The length of a rectangular parallelogram is 64 
rods, and the breadth 48 — What is the area and dia- 
meter of a circle circumscribing the parallelogram ? 

Ans. The diameter is 80 ro£, and coutaiias 31 acres, 

1 rood, and 26,56 rods. 
'3. The length of a rectangular parallelogram is 24 
chains, and the breadth 18— What is the area of its 
circumscribing circle, and likewise of the 4 segments 
contained between the sides of the parallelogram and 
'tl]ie periphery gf the circle ? 

Ajis. 706,86 square chains the area of the circle, and 

274,86 the area of the segm^its. 
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PROBLEM XI. 

The length of the side of an equilateral triangle is 

S'ven, to find the diameter of its circumscribing circle. 
^nle — ^Multiply the length of one side by the square 
root of the number 3, and the product will be three 
times the semidiameter ; this product multiplied by 2, 
and divided by 3, the quotient will be the diameter. ' 

EXAMPLES. 

1. The len^ of the side of an equilateral triangle 
is 30 feet — What is the diameter of its circumscribing 
circle ? Ans. 34,641 feet, the diameter. ' 

2. The length of the side of an equilateral triangle 
is 36 chains— What is the diameter of its circumscrib- 
ing circle ? Ans. 41,5692 chains. 

3. The length of the side of an equilateral triangle 
is 24 rods — What is the diameter of its circumscribing 
circle ? Ans. 27,7128 rods, 

PROBLEM XII. 

The diameter of a circle is given, to find the side of 
the greatest equilateral triangle inscribed within its 
perij^ery. Rtde — Divide three times the semidiameter 
by the square root of the number 3 ; the quotient will 
be the length of the side. 

EXAMPLES. 

1. The diameter of a circle is 24 feet — What is the 

length of the side of the greatest equilateral triangle j/, .wiv'a^^ 
inscribed within its periphery? Ans. ^t^SMOST-^ feet, j*^ 7/f^3 

2. The diameter of a circle is 36 rods — What is the 
side of the ffreatest equilateral triangle that can be 
inscribed within its periphery ? 

Ans. 31,17636 + rods, the length of the side. 

3. The circumference of a circle is 24 chains — ^What 
is the length of the side of the greatest equilateral tri- 
angle inscribed within it, and also the area of the seg- 
ments which reduce it to a triangle ? 

Ans, 6,61593 + chains, the side required. 

6» 



I>HOBJU£M XIII. 

Having the len^h of the three perpendiculars let fidl 
from a point withm an equilateral triangle to the oppo- 
site sides ffiven, to find the diameter of a circle circum- 
scribing the triangle. Rule— -Add the three perpendi- 
culars together, and divide their sum by the square root 
of the number 3 ; the quotient will be the length of 
half the side. Multiply this quotient by 2 ; the product 
will be the len^h of the side. You will then have the 
length pf the side, to find the diameter. (See Prob. xi.) 

EXAMPLES. 

1. The length of 3 perpendiculars let fidl from a 
point within an equilateral triangle are 10, 16, and 24 
leet — What is the diameter of a circle circuinscrihing 
the triangle ? Ans. 66,649 + feet the diameter required. 

2. The length of three perpendiculars let fall from a 
point within an equilateral triangle are 16, 18, ^d 
24 rods — What is the diameter of a circle circumscrib- 
ing the triangle ? Ans. 77,3329 rods the diameter. 

3. The sum of three perpendiculars let fall from a 
point within an equilateral tnangle isl02 rods — What id 
the area of a circle circumscribing the triangle, and also 
the area of the segments reducmg it to a triangle? 
. Ans. The area of the segments 86 19,9484 square rods, 

14526,7854 square rods the area of the circle. ^ 

PROBLEM XIV. 

The base and perpendicular of a right-angled trian- 
^/ f^ • V gle being* given, to fiijad the side of the greatest square 

tibflt can be formed within the perimeter. RtUe — Di- 
vide the product of the base and perpendicular by their 
sum, and the quotient will be the side of .the greatest 
square inscribed. 

EXAMPLES. 

1 The base of a right-angled triangle is 18 feet, and 
the perpendicular 12 feet->-What is the length of the 
side of its greatest inscribed square ? Ans. 7,2 feet. 

2L The perpendicular of a ri^^t-angled triangle is 



(Ik. ly.] MEKSUBATXON OF .SBW3Bm^m»' tif 

18 rods, and the base 24 — YfhAt is the length cdf the 
aide of the greatest inscribed square ? 

Ans. 10,2857 + rods. 

PROBLEM XV« 

To determine the diameter of the greatest circle in^ 
scribed in a square, the area in the corners only giren. 
Rule — Subtract ,7864 from one, then as that remainder 
is to the square of one, so is the area in the comers to 
the square of the diameter, the square root of wipch 
will be the diameter. 

EXAMPLES. 

1. The area in the comers of a square containing 
the greatest inscribed circle is 2 acres, 3 rood^, and 6 
rods — ^Required the diameter of the circle. 

Ans. 45,5882 f rods the diameter required. 

2. The area iti the comers of a square containing 
its greatest inscribed circle is 36,2674 square rods — 
What is the diameter of the circle ? Ans. 13 rods. 

3. A certain square contains the greatest circle that 
can be described within its perimeter, and one acre in 
each comer — What is the area of the square and di- 
ameter of the circle? Ans. 13,6525 chains. 

PROBLEM XVI. 

Having the diameter of a circle given, to find ano- 
ther containing a proportionate quantity. Rule — Mul- 
tiply the square of the given diameter by the given pro- 
portion, and the square root of the product will be the 
required diameter. 

BXAWPLES. 

1. The diameter of a circle is 24 chains — What is the 
diameter of one containing only i of the area? 

Ans. 12 chcdns. 

2. The area of a circle is 21 acres and 3 roods, and 
contains another whose contents are 7 acres and 1 rood 
—What is the diameter of eaeh^ and the width of the 
ring between the peripheries ? 
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Atis. 16,638 + chains the diameter of the greater cir- 
cle, and 9,607 + the less, 3,5166 thie width of the 
ring. 
3. A carpenter is to put an oaken curb to a round 
well at 18 cents per square foot; the breadth of the curb 
is to be 7i inches, and the diameter within 3^- feet — 
What will be the expense? Ans. $1,4454. Y 

PROBLEM XVII. 

The distance of the centres of two circles whose 
peripheries intersect each other being given, to find the 
area enclosed by the two. Rule — From the given 
diameter subtract the distance of the two centres, and 
half the remainder will be the versed sine or height of 
each of the segments ; find the area of those segments 
and subtract it from the area of the two circles, and the 
remainder will be the area enclosed. 

EXAMPLES. 

1. The distance of the centres of two circles, whose 
diameters are each 50 rods, is 30 rods — What is the 
area of the space enclosed by their peripheries 1 

Ans. 3367,885 square rods. 

2. The difierence of the centres of two circles is 24 
chains, and their diameters are each 40 chains — What 
is the area enclosed by their peripheries ? 

Ans. 2155,4464 square chains. 

3. The diameters of two circles are each 20 feet, and 
their centres are 10 feet asunder — ^What is the area en- 
closed by their peripheries, and the length of the chord 
of each segment formed by their intersection? 

Ans. 505,4832 square feet the area enclosed, and 

17,32052 feet, length of the chord. 

PROBLEM XVIII. 

The diameteiB of two wheels of unequal sizes, and 
the length of the axletree on which they are placed, 
being given, to find the diameters of the circles made by 
their rolling on a plane. Bute — Subtract the less di* 
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ameter from the greater, then £^s that remainder is to the 
length of the axletree, so is the diameter of the' less 
wbiel.to.a foiirth term. To.tbe square .of this foturth 
lerm add the square of half the ddameter. of the less 
whe^l, and the square root of the sum will be the semi- 
diameter of t)ie less cirde : if the diameter of the greater 
circle be required, the diameter of the greater 'wheel 
must be used instead of the less. 

XXAVFt.S8. 

1. If two wheels, the one four feet in diameter and 
the other five, be placed on an axletree 20 feet long, and 
set filing on a plane till they describe a circle, what is 
the diameter of the circle made by the less wheel ? 

Ans. 160,06 feet the diameter. 
. 2. If two wheels, the one three feet in .diameter and 
the other five, be placed on an axletree 16 feet long, and 
set rpllinff till they describe a circle, what is the di- 
ameter 01 the circle made by the greater wheel ? 

Ans. 80,156 feet the diameter required. 
3. The diameters of two wheals are three and* four 
feet, and placed on an axletree 30 feet long^ — If set rolling 
on a plane till they describe a circle, what will be the 
area inclosed by each circle, and also the area of the 
ring between the circles ? 

Ans. 5027,955 square yards the area of the greater 
circle, 2828,487 the less, and 2199,468 area of the 
ring. 

PROBLEM XIX. 

Wlien a vessel on the ocean is discovered from the 
mast head of another, level with the observer's eye, to 
find the distance between. Rule — To the earth's di- 
ameter in feet add the elevation of the eye, and multi{)ly 
the sum by that elevation ; the square ropt of the pro- 
duct will be the distance. 

Sfoie, — The diameter h^re use^ is 8000 miles, on 
.account of its convenience. 
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BZAKPIAS. 

1/ How far may a mountain be seen at sea which is 
a mile high, supposinj^ the eye of the observer elerated 
20 feet abDve the surtace ? Ans. 94,96 + miles. 

1^. A sailor at the masthead of a vessel at sea being 
100 feet above the surface, discovers another level with 
the eye — What is Ae distance between them ? 

Ans. 12,309 + miles. 

3. How far may the lamp of a lighthouse 150 feet 
high be seen at sea, when the eye of the pbs^rv^ is 
elevated 100 feet above the sur&ce 1 

Ans. 27,091— miles. 

PROBLEM XX. 

The perimiter of a square, and the area being equal, 
or in any given proportion, to find the side of the 
square. Or the circumference of a circle and area 
being equal, or in given proportion, to find the diameter. 
Ride — Suppose any convenient number for the side of 
the Square or diameter of the circle, whichever may be 
required, and find its perimeter, and likewise the area ; 
divid6^^^e perimeter by the area, and the quotient will 
be the "^ide of the square or diameter of the circle, 
whichever may be required. 

EXAMPLES. 

1. The paving of a square at 2 shiUings a yard, cost 
just as much as the enclosing it at 8 — - vVliat was the 
length of the side of the square ? Ans. 16 yards. 

2. A gentleman purchased a garden in the form of 
a circle for 33 doUari^ a square rod, and to have as many 
square rods as he could encircle with dollars, each being 
one inch and a half in diameter, the dollars encompass- 
ing the same, exactly paying for the gaid^ at the above 
rate— What must be its diameter ? 

Ans. 16 rods^ the diameter requtred. 
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3. A gendeman, two daughters had, 

Ana both were very fair, 
To each be rave a piece of landi 

One round-— the other square. • 
At forty dollars the acre just, 

Each piece its value had, 
The cents that did encompass each, 

For each exactly paid. 
If 'cross a cent be just an inch; 

As it is very near, 
Who had the oetter portion, 

'Riat had the round — or square ? 
Ans. 260,9056 dollars the value of the square, and 
123,1632864 dollars Value of the circle. 
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SECTION V. 



MENSURATION OF SOUDS. 

The measure of any solid body is the whole x»pacity 
or content of that body when considered imder the 
triple dimensions of lengthy breadth, and thickness. . 

A cube whose side is one inch, one foot, or one yard, 
iccj is called the measuring unit, and the content or 
solidity of any figure is computed by the number, of 
those cubes contained in that figure. 

DEFINITION. 

A cube is a solid bounded by six 
equal square sides. 

PROBLEM I. 

To find the area of the surface of 
a cube. Rule — Multiply the square 
of the length of one side by the num- 
ber of sides and the product will be the area of the 
surface. 




EXAMPLES. 



1. The side of a cube is 18 inches — What is the area 
of its surface ? Ans. 13,5 square feet 

2. The side of a cube is 26 inches — What is the area 
of its surface ? Ans. 26 tV square feet. 



PROBLEM II. 



The area of the sur&ce of a cube being given, to find 
tbq length of the side. Rule — Divide the area by 6^ 
and extract the square root of the quofient 
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BZAMPLBS. 

1. The area of a cube is 2400 square inches — What 
is the length of the side ? Ans. 20 inehes. 

2. The area of a cube is 24 square &et — What is the 
length of its side ? Ans. 2 feet. 



PROBLEM III. 



To find the solidity of a cube, the height of one of its 
sides being given. Mule — Cube the given side. 



EXAKPLES. 



1. What is the solidity of a cube, whose side is 3 
.feet ? Ans. 27 solid feet 

2. How many solid feet in a cubic box whose depth 
is 32 inches ? Ans. 18ff solid feet 

3. How many cubic inches are contained in a cubical 
piece of timber, whose length is 42 inches ? 

Ans. 74088 cubic inches. 



PROBLEM IV. 

To find the side of a cube, the solidity being given. 
JSule. — ^Extract the cube root of the solidity. 

EXAMPLES. 

1. What is the length of the side of a cubic box con- 
taininglS solid feet ? Ans. 2,620741 feet 

2. What is the height of a cubic box containing 60 
bushels?* Ans. 47,5 inches. 

3. What is the height of a cubic box that contains 
10 bushels ? Ans. 27,454 + inches. 

DEFIlflTION. 

A parallelopipedon, is a 
solid bounded by six quad- 
rilateral planes, every op- 
posite two of which are 
equal and parallel. 

• A cubic foot is i^nt eight tenths of a bushel, and is snfliciea^jr 
exact for common uA. 

^ 7 
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PROBLEM V. 

To find the solidity of a parallelopipedon. Rule — 
Multiply the length by the breadth, and that product by 
the depth or altitude, and it will give the solidity re- 
quired. 

EXAMPLES. 

1. The length of a parallelopipedon is 8 feet, its 
breadth 3 feet, and thickness two feet — How many solid 
feet does it contain ? Ans. 48 solid feet. 

2. The length of a parallelopipedon is 36 inches, the 
width 20, and the depth 18 inches — How many solid 
feet will it contain ? Ans. 7,5 solid feet. 

3. How many bushels are contained in a bin 5 feet 
6 inches long, 4 feet 9 inches wide, and 3 feet 9 inches 
deep? Ans. 78,724 — bushels. 

4. What is the solidity of a block of marble whose 
length is 10 feet, breadth 5 feet 3 inches, and thickness 
2 feet 6 inches ? Ans. 131,25 solid feet. 

PROBLEM VI. 

To find the area of the surface of a parallelopipedon. 
Ride — Find the area of each side, and likewise of the 
ends, and their sum will be the area of the surface of 
the parallelopipedon. 

Note. — The surface of a parallelopipedon is equal to 
the sum of the areas of each of its sides and ends. 

EXAMPLES. 

1. The length of a parallelopipedon is 10 feet, the 
breadth 5, and the height 3 — What is the area of its 
Sfurface ? Ans. 190 squar^ feet. 

2. The length of a stick of timber is i^lfeipt, the 
breadth 3 feet, and the height 2 feet 9 inchejsi^What is 
the area of its surfiice ? Ans. 62,5 squaa-e feet. 

3. The length of a box is 8 feet, its width 4 feet 3 
inches, and height 2 feet 6 inches — What is the area of 
its surface ? Ans. 130,25 square feet 
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DEPiNrnoN. 
A prism is a solid bounded by plane 
figures or feces, two of which are parallel, 
similar and equal, and the others are 
parallelograms. 

PROBLEM VII. 

To find the area of the surface of a 
prism. Sule — Add the area of tlie ends 
to the area of the sides, and their sum 
will be the area of the surface. 



1. What is the area of the surface of an equilateral 
triangular prism whose length or height is 12 feet, and 
either of its equilateral ends 8 feet 6 inches? 

Ans. 95,4126+. 

2. The height of an equilateral triangular prism is 
8 feet, and each side of its base is 14 inches — What is 
the area of its surface ? Ans. 29,1787 square feet. 

3. The height of an equilateral triangular prism is 9 
feet 6 inches,, and each side of its base is 24 inches — 
What is the area of its surface ? 

Ans. 60,4641 square feet. 

FBOBLEM VIII. 

To find the solidity of a prism, i^w^e— Find the 
area of the base, and multiply it by the height, the pro- 
duct will be its solidity. 



1. Each side of the base of an equilateral triangular 
prism is 18 inches, and the height 40 feet— How many 
sohd feet does it contain ? Ans. 38,97 + solid feet. 

2. How many solid feet are contained in an equila- 
teral triangular prism whose height is 24 feet, and each 
side of whose bf^is 18 inches? Ans. 23,386 — feet. 

3. What is the value of a prism, whose height is 33 




78 MENSURATION OP SOLIDS. [Sbc. V. 

feet, and each side of die base 14 inches, at 20 cents 
per solid foot ? Ans. $3^772 + . 

4. Required the solidity of a prism whose base is a 
hexa£fon, supposing each of the equal sides to be 1 foot 
6 inches, and the length of the prism 16 feet ? 

Ans. 93,53 + . 

DEFINITION. 

A cylinder is a 

solid described by 

the revolution of a 

^riffht- angled paral- 

*leiogram about one 

of its sides which remains fixed. 

PROBLEM IX. 

To find the surface of a cylinder. Rule — Multiply 
the circumference of the end by the length, and the 
product will be the convex sur&ce, to which add the 
area of each end, and the sum will be the whole sur* 
fece of the cylinder. 

EXAMPLES. 

1. What is the convex surface of a right cylinder 
whose length is 20 feet, and the diameter of its end or 
base 2 feet? Ans. 125,664 square feet. 

2. What is the whole surface of a right cylinder, the 
diameter of whose base is 30 inches, and the height 5 
feet? Ans. 49,0875 square feet. 

3. How many square feet in- the whole sur&ce of a 
ri£;ht cylinder, whose length is 20 feet, and diameler 
16 inches ? 

Ans. 86,5685 square feet, the area required. 

4. How many square 3rards in the convex surface of 
a cylinder 10 feet long, and diameter 4 feet ? 

Ans. 27,9253 + square yards. 

PROBLEM X. 

To find the solidity of a cylinder. Rtde, — ^Multiply 
the square of the diameter by ,7864, and that product 
by the length will give the solidity. 
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1. The diameter of a cylinder is 16 ioches, and the 
length 20 feet— What is its solidity ? 

Ans. 27,9863+ solid feet. 

2. The length of a cylinder is 30 feet, and the di- 
ameter 20 inches— What is its solidity? 

Ans. 65,45 solid feet. 

3. The diameter of a cylinder is 10 inches, and the 
length 4 feet— What is its solidity? 

Ans. 2,1816 + solid feet. 

4. How many solid feet in a roimd stick of timber 
16 feet long, and the diameter at each end 15 inches? 

Ans. 19,635 solid feet. 

DEFINITION. 

A cone is ji round solid body of a trao 
taper from the base to a point, which is 
called the vertex. 

PROBLEM Xt. 

To find the whole surface of a right 
cone. Rule — Multiply the circumference 
of the base by the slant, height, or the 
length of the side of the cone, and half 
the product will be the area of the convex surface, to 
which add the area of the base, and the sum will be 
the whole surface of the cone. 



1. The diameter of the base of a right cone is 3 feet^ 
and the slant height 15 feet — Uecjuired the convex sur- 
fiice of the cone, Ans. 7i^6d6 square feet. 

2. The slant height of a right cone is 20 feet, and 
the diameter three feet— Wliat is the whole surface of 
the cone 7 Ans. 101,3166 square feet. 

3. Tile circumference of a right cone is 10 feet, and 
the perpendicular height 12— What is the convex sur- 
face of the cone ? Ans. 60,525 square feet. 
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PROBLEM XII. 

To find the solidity of a cone, the diameter of the base 
and peipendicular altitude mven. Ride — Multiply the 
square of the diameter of me base by ,7854, and that 
product by i of the perpendicular altitude, the product 
will be the solidity. 

EXAMPLES. 

1. The diameter of the base of a cone is 3 feet 6 
inches, and the perpendicular altitude 9 feet — What is 
its solidity ? Ans. 28,86345 sohd feet. 

2. The circumference of the base of a cone is 10 feet, 
and the perpendicular altitude 12 feet — What is its 
solidity? . Ans. 31,829 + cubic feet. 

3. The slant side of *a right cone is 10 feet, and the 
diameter of the base 6 feet — What is its solidity? 

Ans. 89,9069 + cubic feet the solidity. 

DEFINITION. 

The frustrum of a cone, is a right 
cone with the top cut off by a line paral- 
lel to the base, and is the usual form of 
a cistern. 

PROBLEM XIII. 

To find the convex surface of the 
frustrum of a cone. Rule — ^Multiply the 
sum of the peripheries of the two ends 
by the slant height of the frustrum, and 
half the product will be the area of the 
convex surface required. 

EXAMPLES. 

1. The circumference of the b^use of the fiiistrum of 
a cone is 15,75 feet, and that of the top 22,25, and 
the slant height is 6 feet — ^What is the area of the con- 
vex surface ? Ans. 114 square feet. 

2. The diameter of the base of the frustrum of a cone' 
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IS 4 feet, and that of the top 3, the slant side being 5 
feet — ^What is the area of the conyex surface 1 

Ans. 54,978 square feet 
3. The greatest diameter of the frustrum of a cone is 
6 feet, and the less 4, the perpendicular height 6 feet — 
Required the convex sur&tce. 

Ans. 84,8232 square feet 

PROBLEM XIV. 

To find the solidity of the frustrum of a cone. Rule 
— ^Multiply the top and bottom diameters together, and to 
their product add f of the square of the difference of the 
two dianieters ; multiply that sum by ,7854, and that 
product by the heiglit — the last product will be the . 
solidity. 

EXAMPLES. 

1. The two diameters of the frustrum of a cone are 
5, and 3 feet, and the height 4 feet — What is the 
solidity ? Ans. 51,3126 + cubic feet 

2. The top of a cistern is 5 feet 6 inches, and the 
bottom 4 feet 9 inches, the height or depth 7 feet 3- 
inches — How many hogsheads will it contain ? 

Ans. 17,79 +• 

3. If the top diameter of a cistern be 5 feet, the bot- 
tom 4 feet 9 inches, and the depth 8 feet, how many 
hogsheads will it contain ? Ans. 17,734 + hogsheads. 



DEFINITION. 



A Pyramid is a solid whose sides are 
all triangles, meeting in a point at the 
vertex, and the base any plane figure 
whatever. Pyramids receive their names 
according^ to the various forms of their 
bases : if it has 3 sides it is called a tri- 
angular pyramid; if 4, it is called a 
square or quadrangular pyramid ; if '5 
equal sides, a pentagonal pyramid, &c. 
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PROBLEM XV. 



To find the solidity of a pyramid. Rule — Find the 
area of the base according to its figure by superficial 
measure, and multiply that product by i of its perpen- 
dicular altitude, the product will be its solidity. 



EXAMPLES. 



1. What is the solidity of an equilateral triangular 
pyramid each side of whose base is 20 inches, and per- 
pendicular height 18 feqt ? Ans. 7,2169 — cubic feet. 

2. What is the solidity of a square pyramid whose 
perpendicular altitude is 6 feet, and each side of whose 
base is 2 feet / Ans. 8 cubic feet 

3. What is the solidity of a pentagonal pyramid, each 
side of the base being 30 inches, and perpendicular 
altitude 12 feet ? Aos. 43,012 — cubic feet. 

4. What is the solidity of a hexagonal pyramid, 
each side of the base being 20 inches, and perpendi- 
cular altitude 9 feet 9 inches ? 

Ans. 23,4548 + cubic feet. 

5. Each side of the base of an octagonal pyramid is 
20 inches, and the perpendicular altitude 12 feet — 
What is its solidity ? Ans. 53,6492 — cubic feet. 



DEFINITION. 



The firustnim is any part of a pyramid cut off by a 
plane parallel to its base. 



PUOBLEM XVI. 



To find the solidity of the frustrum of a pyramid. 
Ride — Multiply the side of the greater end by the side 
of the less end, and to their product add i of the square 
of the diflference between the side of the greater end 
and the less, and multiply the sum by the multiplier of 
like figure (found in the table of multipliers for regular 
polygons), and that product by the height ; the last pro- 
duct will be the solidity. 
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EXAMPLES. 

L What is the solidity o£ the frustmizL o£ an equi- 
lateral triangular pyramid,^ the hoEQ being. 14 inches oa 
a side, and Sie top 8, the height 10 feet. 

Ans. 3,7287 + cubic feet 

2. The height of the fiiistrum of asquare pyramid is 
8 feet each side, the base 16 inches, and the top 10 
inches — Required the solidity of the frustrum. 

Ans. 9,55 + cubic feet. 

3. The altitude of the frustrum. of a pentagonal 
pyramid is 4 feet 6 inches, the side of the greater end 
18 inches, and of the less 12 — What is the solidity of 
the frustrum? Ans. 12,2581 + cubic feet. 

4. Each sidb of the base of a hexagonal frustrum is 
10 inches, and of the top 7 inches, the height being 5 
feet — ^What is the solidity of the frustrum? 

Ans. 6,5854 + cubic feet 

DEFINITION. 

A wedge is a solid of five sides, viz. a rectanmilar 
base, two rhomboidal sides meeting in an edge, and two 
triangular ends. The height of the wedge is a perpen- 
dicnmr drawn fromi any point in the edge to the plane 
of the base. 

PROBLEM xyii. 

To find the sc^dity of a w«dge. Ride — ^Add the 
length of the edge to twice the length of the base,, and 
multiidy the sum by the height of the wedge, and that 
product by the breadth of the base,, and i of the last 
product will be the solidity. 

EXAMPLES. 

1. How many solid feet are theire in a wedge whose 
base is 6 feet 3 inches long, and 9 inches broad, the 
length of the edge being 3 feet 6 inches, and the per^ 
pendicular height 2 feet 3 inches ? 

Ans. 3,9375 cubic feet 
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2. The length and breadth of the base of a wedge 
are 35 and 15 inches^ and the length of the edge is 55 
inches — What is the solidity, supposing the perpendi- 
cular height to be 18 inches ? 

Ans. 3,2552 + cubic feet. 

3. If the base of a wedge be 27 inches by 8, the edge 
36, and the perpendicular 3 feet 6 inches, what is the 
solidity? Ans. 2,9166 + cubic feet. 

V 

DEFINITION. 

A Prismoid is a solid whose ends 

or bases are parallel, but not simi- B^^^^^^ 

lar, and whose sides are quadri- ////^^^^^^^ 

lateral. It differs from a prism or iB|r 

a frustrum of a pyramid, in having m|y 

its ends dissimilar. It is a rect- wnM- - 

angular prismoid when its ends are yl§ ^A 

right parallelograms. 

PROBLEM XVI II, 

To find the solidity of a prismoid. Ride — To the 
sum of the areas of the two ends, add four times the 
area of a section parallel to, and equally distant from, 
both ends, and this last sum multiplied by i of the 
height will give the soUdity. 

EXAMPLES. 

1. What is the solidity of a rectangular prismoid, the 
length and breadth of one end being 14 and 12 inches, 
and the corresponding sides of the other 6 and 4 inches, '^ 
and the perpendicular 30 feet 6 inches ? 

Ans. 18,074 + cubic feet. 

2. What is the sohdity of a stick of hewn timber, 
whose ends are 30 inches by 27, and 24 by 18, and 
whose length is 48 feet ? Ans. 204 cubic feet. 

3. What is the solid content of a stick of hewn timber, 
whose greater end measures 12'inches by 8, the less end 
8 inches by 6, and the length 5 feet ? 

Ans. 2,4537 cubic feet. 
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4. What is the capacity of a coal waggon whofee 
inside dimensions are as follow : at the top the length 
is 7 feet, and breadth 6 feet ; at the bottom the length is 
6 feet and the breadth 3 feet, and the perpendicular 
depth 4 feet ? Ans. 64 cubic feet. 
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SECTION VI. 



OF SURFACES AND SOLIDS. 

DEFINITION. 

A Sphere or Globe is a round solid body, in the 
centre of which is a point from whioh all right lines 
drawn to the surface are equal. 

PROBLEM I. 

To find the convex sur&ce of a sphere or globe 
Rule — ^Multiply the square of the diameter by 3,1416 
the product will be the area of the convex surface. 

EXAMFLES. 

1. What is the area of the convex sur&ce of a sphere 
whose diameter is 10 feet? 

Ans. 314,16 square feet. 

2. What is the, area of the convex surfiice of a globe 
whose diameter is 4 feet? Ans. 50,2656 square feet. 

3. If the diameter of the globe we inhabit be 8000 
miles, what is the area of its surface ? 

Ans. 201062400 square miles 

PROBLEM II. 

To find the solidity of a globe. Ride — Multiply the 
cube of the diameter by the decimal ,5236, and the pro- 
duct will be the solidity. 

EXAMPLES. 

1. What is the solidity of a globe whose diameter is 
2 feet 6 inches ? Ans. 8,181 + cubic feet 
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2. What is the solidity of a globe whose diameter is 
3 feet 4 inches ? Ans. 19,3926 — cubic feet. 

3. How many cubic miles are contained in the 
solidity of the globe we inhabit, if its diameter be 8000 
miles ? Ans. 268083200000 cubic miles. 

PROBLEM III. 

The olidity of a globe given, to find the diameter. 
Rtde — Divide the solidity by ,5236, and extract the 
cube root of the quotient. 

EXAHFLES. 

1. The sohdity of a globe is 2000 solid inches — What 
is its diameter ? Ans. 15,618 + inches. 

2. The solidity of a globe is 10 solid feet — What is 
its diameter 7 Ans. 2,67 + feet. 

3. The solidity of a globe is 8 solid feet — What is its 
circumference? 

Ans. 7,7943096 feet the circumference. 

PROBLEM IV. 

The convex surfece of a globe given, to find its 
diameter. Rule — Divide the given area by 3,1416, 
and the square root of the quotient will be the diameter. 

EXAMPLES. 

1. What is the diameter of that globe, the area of 
whose convex surface is 14 square feet ? 

Ans. 2,1126 + feet. 

2. The convex surface of a sphere is one square r<5od 
— What is its diameter. Ans. 3,5682 + rods. 

3. The expense of gilding a ball at 1,80 per square 
foot, is 34 dollars — What is its diameter? 

Ans. 2,452 + feet. 

PROBLEM V. 

To find the area of the convex segment of a globe, 
the diameter of the globe and the height of the segment 

8 
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gweii« JBttZ6H~ Multiply the circumference of (lie whole 
sphere by the height of the segment, and th^ product 
ivilLbeithe area of the convex sur&ce. 



EXAMPLES. 

1. What is the area of the coay^x surface of a seg 
ment of a globe, the diameter of the globe being 6 feet, 
and the height of the segment 2 fe6t ? 

Ans. 37,6992 square feet. 

2. The diameter of a globe is 8 feet, and the chord of 
the segment cut from it is three feet — What is the area 
of the convex surface of the segment ? 

Ans. 7,3387 + square feet. 

3. The chord of the segment of a globe is 30 inches, 
and the height 6— What is the area of its convex sur- , 
fiice ? Ans. 5,7 + square feet.^^^ 

PROBLEM VI.. 

To find the area of the convex surface of any zone 
of a globe. Rule — Multiply the circumference of the 
vrhole globe by the height or breadth of the zone, and 
the product will be the area required. 

EXAMPLES. 

1. What is the convex surface of a spherical zone 
whose breadth is 4 inches, and the diameter of the 
sphere from, which it was cut 25 inches ? 

Ans. 314,16 square inches.. 

2. Whjit is the area of a spherical zone cut fronai a 
globe of 30 inches diameter, if the diameter of th&zone 
on one side be 16 inches and the other 10 ? 

Ans. 17,4751 + feet. 
3.' The diameter of a globe is 40 inches, and if two 
segments be cut from it, tne chord of the one 16 inches, 
arid the height of the other segment 10 inches, what is 
the .convex surface of the zone< 

' Ans. 2472 square feet. 
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PBCMBLEM VII. 

Tofi^ the solidity of a ispherieal i^gtii^iiyih^di- 
fim^rtefr fend height givBn. iittJ^e^To thtee liim^ #i6 
iquare of the semidianieter of' the segmefit add tlie 

Suare of its height, and Multiply the sum by the height 
Uie s«g^6nt, and thut product by ,5236; Ihe last pro- 
4aot will be the solidity of the' se^ent 

BXAHFLES. 

1. The diameter of a spherical segment is 30 inched, 
and the height 8 inches-^What is the solidity of the 
segment? Ans. 1,7913 + cubic feet. 

2. The height of^a spherical segment is' 10 inches, 
and the chotd or diameter 40 — What is the solidity ? 

Ans. 3,93912 cubic feet. ' 

3. The diameter of a bowl is 20 inches, and the 
depth 6-^fiow many gallons of beer will it hold ? , 

Ans. 3,7432 — beer gallons. 

4. The diameter of a sphere is 18 inches — W hat is the 
solidity of a segment cut from it, the height being 3 
inches ? Axis. 226,1^62 cubic inches. 

6. Required the solidity of a spherical'segmeht, the 
diameter of which is 20 iiidies, and the globe frtoi» 
which it was take^ 30 inches. 

Ans. 629,2326 + cuhio inches the solidity required* 

PROBLEM VI 1 1, 

To find the d&hdity of a frustrum or zone of a sphere. 
JUde-^Ad^ together - the squares of the radii or semi- 
diaixieter of ^the two ends and i the aquajee of their ^- 
titioe, aJnd Bahikipiy the sum by 3 tiBci^ this distance, 
and the product by <,S886 ; liie iliust {Mrodufet^wiU be Ibe 
soIi^tyofftfae-zdHe. 

KMAxnaa. 

1. 'If^titei^iitnidM^ bf oue^end of a spherical zone be 
24 inches, and the diameter of the other 20, and the 
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distance of the two ends 9 inches, what is the solidity 
of the zone ? Ans. 3831,1812 cubic inches. 

2. If from a globe 5 feet in diameter a segment be 
cut off 36 inches diameter, and another from the oppo- 
site side 18 inches in height^ what is the soUdity of the 
zone? Ans. 49,4802 cubic feet. 

3. Required the soUdity of the middle zone of a 
sphere whose top and bottom diameters are each 3 feet, 
and the breadth of the zone 4,2 feet. 

Ans. 68,48 cubic feet 



DEFINITION. 



• A prolate spheroid is a solid 
generated by the revolution of 
a semi-«llipsis about the trans- 
verse diameter. 




PROBLEM IX. 



To find the solidity of a prolate spheroid. Ride — 
Multiply the longest diameter by the square of the 
shortest, and that product by the decimal ,5236 and 
the product will be the soUdity. 



EXAMPLES. 



1. The transverse diameter of a prolate spheroid is 
50 inches^ and the conjugate 40 — What is its soUdity ? 

Ans. 24,2465 -f- cubic feet. 
2., The two diameters of a prolate spheroid are 3 feel, 
and 2 feet— What is the solidity ? Ans. 6,2832. 

2. The two diameters of a prolate spheroid are 60 
inches, and 40^-^What is the solidity ? 

Ans. 29,0883 + cubic feet. 
4. What is the soUdity of a prolate sidieroid whose 
diameters are 100, and 60 inches ? 

Ans. 109,063 +<n]bic feet 
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DEFINITION, 




A&obl&le spberoidtiB generated 
|yy the re^dxitio&^Of a semi^Iliipsifi 
ab6ut ills coojii^te diftOleter. 

t o ^tod thes^liliitV of ^' toate 
spherdid. !Bwfe— Mtilti^ly tire 
shortest diameter ^by 'ihe '^uare 
of the loi^st, and thdt product 
by ,6236, the last product will b^ 
the solidity. 

BZABCPLE8. 

1. ThiB n^o diati»«6rs bf idh <*laie i^ 
Und 60-^Beq[tii)^'tte solidity. 

Ails. '181^8 — <jttbic feet. 

2. ^e 'trtihilVerto ^nd 'cbnju^te diiambtidiB of an 
bbfate dpheroid ^Jfe 40, and 30 inches— Whsit is its 
sblidity^ ^tts. 14^544 +^bicftet 

3. u the transverse diameter of aiTdblatie spheroid be 
20 inches, and the conjugate 15, what will be the 
solidity of the spheroid ? 'Ahs. 1,818 -f cubic feet. 



PROBLBM XI. 

To find the it>lid eoiitent of the middle fiiiisrtrum of 
a spheroid, itsleh^h, the middle diakbieter,aiid'thit of 
either'dftHe^ends being ;given : 

I. — ^When the end^ ktecitbiiiar or .pandlei to the^riB-' 
Tolving ifitKis. 

Rule— To t^ice the squaw of ^the middle dian^t^ 
add the sqmtreof the diameter bfeithisr' of tteendby 
and this sum mdltipliM by^^thedeiigthof the frustnm, 
suid that pfbdiiciby ,2618, will give the solidity. 
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diameter is 50 inches, and that of either of the ends is 
40, and its length 18 inches— B;equired the solidity. 

Ans. 18 — cubic fe^. 

2. What is the solidity^ of the middle fhistram of a 
prolate spheroid, the middle diameter being 60 inches, 
that of either of the two ends 36, and the distance of 
the ends 80 ? Ans. 102,9746 + cubic feet. 

3. What is the solidity of the middle frustrum of an 
^late spheroid, the middle diameter being 100 inches, 
that ofjBith^ of the ends 80, and theijr distance 36 ? 

Ans. 143,99 cubic feet. 

PROBLEM XII. 

II. — When the ends are elliptical or perpendicular to 
the revolving axis. 

Rule — ^Multiply twice the transverse diameter of the 
middle section by its conjugate diameter, and to this 
product add the product of the transverse and conju- 
gate diameters of dther of the ends ; multiply the sum 
thus found by the oistance of the ends, or the height of 
the ftustrum, and that product by ,2618 and it win give 
the solidity required. 

EXAMPLES. 

1. In the middle frustnim of an oblate spheroid the 
diameters of the middle section are 50, and 30 inches, 
those of the end 40, and 24, and its height 18 — What 
is its sdidity? Ans. 10^8 — cubic feet. 

!^ In the. middle fruslTum of a prolate spheroid, the 
diameters of the middle section are 100, and 60 inches, 
diose of the end 80, and 48, and the length 36 — What 
is its solidity 7 Ans. 53,669 cubic feet. 

3. In the middle frustrum of an oblate spheroid, the 
diameters of the middle section are 100, and 60 inches, 
those of the ead 60 and 36, and the length 80— What 
is the Ailidity of the firustruni. An& 171,6244 + . 

PROBLEM XIII. 

I ^a find die solidity of the B9gmeni of a spheroid. 
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ni. — When the base is pamUel to the revolying axis. 

IttUe — Divide the square of the revolving axis by 
the square of the fixed axis, and muhiply the quotient 
by the difference between three times tne fixed axis 
and twice the height of the segment ; multiply this pro- 
duct by the square of the height of the segment, and 
this product by ,5236, and it will give the solidity re- 
quired. 

Sr&MPLSS. 

1. If the transverse axis of a prolate spheroid be 100, 
and the conjugate 60, and the height of the segment 10 — 
Required the solidity. Ans. 5277,888 the soUdity. 

2. The axes of a prolate spheroid are 50 and 30 — 
What is the solidity of th^t segment whose height is 5 
and its base perpendicular to the fixed axis ? 

Ans. 659,736 the solidity. 

3. If the diameters of an oblate spheroid be 100, and 
50, what is the solidity of that segment whose height 
is 12, and its base perpendicular to the fixed axis ? 

Ans. 5202,4896 the solidity. 

PROBLEM XIV. 

lY. — When the base is perpendicular to the revolving 
axis. . 

Rfde — Divide the fixed by the revolving axis, and 
multiply the quotient by the difference between three 
times the revolving axis and twice the height of the 
segment ; and multiply the product thus found by the 
square of the height of the segment, and this product 
by ,5236, and it will give the required solidity. 

BXAMTLES. 

1. In the prolate spheroid the transverse axis is 100, 
the conjugate 50, and the height of the segment 12 — 
What is toe solidity ? Ans. 19000,3968 the solidity. 

2. Required the solidity of the "segment of a prolate 
^hesdidy its height being 6 indhes, and the axes 60, and 
Sa .Ans. 2450,448 ttie. soUdity* 
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PtLOBh'Em 3CV. 

To find (he solidity of a parabolic conoid, flute-- 
ttuItipW the ar^a of the l)&ise hy half the altitude, and 
the prodiict will 1)e ihe isblidity . 

1. WMt is the solidity df k paralbbloid Whose height 
is 84, and the diameter of its circular base 48 ? 

Ans. 76001,6872 the solidity required. 

2. What is the solidity of a. paraboloid whose height 
is 60, and the diameter of its 1t)ase KK) ? 

^ kns. 196360 the solidity. 

3. What 4s the solidity of a paralbolic conoid whose 
height is 30, and the disdneter of^ base lOO? 

Ans. i 1^81 the solidity. 

4. Required ihe ^i^ty of a parahohc conoid whose 
heigiit is ^, and diameter 40 f 

Ans. 1:8849,6 the sdUdity. 

To find the soUdity of the fi*ustrum of a paraboloid, 
when its ends are peipendicular to the axis of the solid. 
Rule — ^Multiply the sum of the squares of the diameters 
^^the two «hds %y ^Sie height ^f l^e frnstrum, tund the 
product by ,3927 and it wul gire the soUdity. 

ETAMPLSS. 

1. Required the solidity of the parabolic fhistn2!m,^t^ 
diameter of the greater end being 58, that of the less 
«iid 30, and the height 18. 

£is. 30142,4104 solidity required. 

2. What is the solidity of the frustrum of a parabolic 
conoid, the diameter of the greater end being 60, that 
of the less 60) and the distance of the ends 10 ? 

Ans. 23964,t solidity required. 

PROBLEM XVII. 

Tb &kd Ihe idlifiift ^ '^ fayperboloid. >Iif<»--TD 
th«'ii|ttMe (tf die rlibSttts of the base add the tquart of 
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the middle diameter between the base and the vertex, 
and this sum multiplied by the altitude, and that pro- 
duct by ,6236, the last product will give the soUdity. 

1. In the h3^rboloid the altitude is 10, the radius or 
semidiameter of the base 12, and the middle diameter 
15,8745— What is the soliditv ? Ans. 2073,454691. 

2. In a hjrperboloid the altitude is 50, the radius of 
the base 52, and the middle diameter 68 — What is the 
soUdity ? Ans. 191847 04 the solidity. 

PHOBLEM XVIII. 

To find the solidity of the frustrum of a hyperbolic 
conoid. Rule — Add together the squares of the greatest 
and least semidiameters, and the square of the whole 
diameter in the middle \ multiply the sum by the altitude, 
and that product by ,5236, the last product will be the 
solidity. 

EXAMPLES. 

1. In the hyperbolic frustrum the length is 20, the 
diameter of the greater end 32; that of the less 24, and 
the middle diameter 28,1708 — Required the solidity. 

Ans. 12499,31532 the solidity. 

2. What is the solidity of the frustrum of any h3rpor- 
bolic conoid, whose greater diameter is 96, less diameter 
64, the middle diameter 76,4264392, and the altitude 
85 ? Ans. 116166,57 + the solidity. 

3. The height of the frustrum of a hyperbolic conoid 
is 12 inches, the greatest and leaist diameters 10, and 6, 
and the middle diameter 8^5 — ^Required the solidity. 

Ans. 667,59 the solidity. 

4. Required the content of the segment of any 
spindle, its length being 10, the greatest diameter 8, 
and the middle diameter 6. 

Ans. 272,272 the solidity. 
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PHOBLKM I. 

The solidity of a cubic box is gi^en, to find the 
length of the side. Ride — Extract the cube root of 
the solidity. 

EXAMPLES. 

1. The solidity of a cubic box is S'bushels-yWb^ttis 
the i^^th of the side? Ans.,^ ' J , : / 

2. iSie solidity of a Cubic box is i282 solid inq^ — 
What is the length of its side ? Anis. 

PROBLEM II. 

Th^ side of a cubic box is giv^i, to find the leng<li 
of a diagonal extending from the lower corner to its 
opposite on the upper side. Rvle — Extract the square 
root of the sum of the squares of the length, bre^Mlth, 
and thickness. 

•BXAMPLES. 

1. What is the length of the diagonal drawn fi'(W 
one of the lower corners to its opposite upper com^ of 
a cubic box, whose side is 20 indhes ? 

Ans. 34,641+, 

2. The solidity of a cube is 3834 cubic inches — 
What is the leng& of a diagonal line reaDhiogtom^ne 
of the lower <x)me];s to its 'opposite uf^r comer ? 

jlns. 27,1088 + inofaeb. 

PROBLEM III. 

The length, breadth, and solidity of a parallelopi- 
pedon are given, to foA its thickness. iiM^^MuItipIy 
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the: length by the breadth for a dmam^ divide the 
solidity- by. ili, . the quotient wiU be the tfaickness« 

EXAJfFLE&e 

1. The. length. of a parallelopipedcm is 40 feet,, its 
breadth 18 inches^, and. solidity. 1^ 'feet— What is its 
thickness? Ans.-^^ftnches.* /(^ 

2. The length of a parallelopipedon is 20^ the-solidity ^ 
36 feet, and thickness 14 inches — What is its breadth ? 

Ans. 18,51425 inches the breadth required. 

PROBLEM IV, 

The breadth, thickness, and solidity given, to find 
its length, ifei/e^- Divide the solidity by the product 
of the breadth and thickness, and the quotient will be 
its length. 

EXAMPLES. 

1. The breadth and thickness of a parallelopipedon 
are each 20 inches, and the soUdity 40 ieet — What is 
its length ? Ans. 14,4 feet. 

2. How much in length that is 18 inches by 14, will 
I make 30 solid feet ? Ans. 17,1428 + 

PROBLEM V. 

The diameter and solidity of a cylinder given, to 
find its length. Ride. — Multiply the square of the di- 
ameter by ,7854 for a divisor, and divide the solidity 
by it) the quotient will be its length. 

EX&MTLES. 

1. The diameter of a cylinder is 20 inches — ^How 
much of its length will make 20 solid feet? 

Ans. 9,1673 + feet' 

2. The diameter of a cistern in the form of a cylin 
der is 5 feet 6 inches— What must be its depth to hold 
20 hogsheads ? Ans. 7,09 — feet the depth. 

3. How much in length of a round stick of timber 
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15 inches diameter, and 30 feet long, must I cut off to 
have 24 soUd feet left ? Ans. 10,443 + feet 

PROBLEM VI. 

The length and solidity of a cylinder given, to find 
the diameter. Rule — Multiply the len^ by ,7864, 
and divide the solidity by the product, the square root 
of the quotient will be the diameter. 

EXAMPLES. 

1. The length of a cylinder is 30 feet, and solidity 
60 — ^What is its diameter ? 

Ans. 19,26 -^ inches the diameter. 

2. The depth of a bushel measure is 8 inches — What 
must be its diameter ? Ans. 18,5 inches. 

3. The depth of a half bushel measure is 7,5 inches 
— What must be its diameter ? 

Ans. 13,1926 + inches. 

PROBLEM VII. 

The diameter and length of a cylinder are given, to 
find the number of solid feet left when hewn square. 
Ride — Multiply twice the square of the semi-diameter 
by the length, and the product will be the solidity. 

EXAMPLES. 

1. The diameter of a cylinder is 24 inches, and the 
length 25 feet — What will be its solidity when hewn 
square ? Ans. 50 cubic feet. 

2. The length of a cylinder is 40 feet, and the di- 
ameter 20 inches — What is its solidity when hewn 
square ; and likewise the solidity of the chips that re- 
duce it to a squarie ? 

Ans. 55,5555 -f cubic feet the solidity, and 31,7111 

solidity of the chips. 

3. If a cylinder be 18 inches diameter, and 30 feet 
long, how much of its length will make 20 solid feet 
when hewn^uare ? Ans. 21 feet 4 inches. 
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PROBEEM VIII. 

The altitude of a cone and it^' sM^itf'ife'j^ed to 
find its diameter. jSwfe— Multiply: ,785^4 Wl^'afm 
altitude for a. divisor, divide the solicfity bj^^&'^aW^ m 
gubtient will be the square of tlie diam^tfet, m^'^jAitjare 
root of which will be, the dianieter.. ' '* ' \ *^ 

EXAMPLES. •!)•':'.;-. 

1. The altitude of a cone is i^.fteif, and its solidity 
30 feet— What is its , diameter ? '•' •• 

.* Ans. 33,164!r + itichei^ the diariWtfer. 

2. The altitude of a cone is 9 feet, and its sdlidit^ 1^ 
— Wha,t is its diameter 7 Ans. 31,27 — ihch^: - 

3. The solidity of a cone is 18 feet, its altitude ^fe — 
What is the diameter ? 

Ans. 35,118 — inches the diameter. 



PROBLEM IX. 



Thfe* solidity and diameter given to find the altitude. 
Ride — Multiply the square of the diameter hv^VSti 
for a divisor, divide the solidity by itj and thei qnofiietH 
will be i of the altitude. 



EXAMPLES. 



1. The diameter of a cone is 20 inches — What must 
be its altitude to niake 20 solid feet ? • • 

An^. 27,mi9 ^-feet; 

2. The content of a cone is 30 solid feet, itsdidtneter 

is two feet— What is its altitude ? Ans. 28,6476 fe*. 

•■•;■.: N 

PROBLEM X. 

Thd altitude oi a cpne being given, to divide into 
two ox mor^ parts by sections parallel tp the base, to 
find the perpendicular height of each part. /f?/^e— 
Multiply the cube of the altitude by the numerator of 
the proportion left at the vertex, and divide the pro- 
duct by the denominator, the cube root of the quotient 
will be the altitude of the cone left at the vertex. 

9 
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EXAMPLES. 

1. The altitude of a c(me is 6 feet, to be divided into 
two equal parts by a line parallel to the base — ^Required 
the perpendicular height of each part. 

Ans. 4,7622 feet, and 1,2378 the thickest section. 

2. The altitude of a cone is 10 feet, to be divided 
into three equal parts by sections parallel to the base- 
Required the perpendicular height of each part. 

Ans. 6,9336, 1,8022, and 1,2642 feet. 

3. The altitude of a cone is 12 feet, to be divided into 
three parts in the proportion of 3, 4, 5, by sections paral- 
lel to the base — ^Required the perpendiciilar height of 
each part. 

Ans. 75595 + , 2,4671 + , and 1,9734 + feet the alti- 
tudes. 

PROBLEM XI. 

The base and altitude of a cone are given, to find 
what lenffth of wire ittay without loss of metal be drawn 
firom it, &g^agaeter o|^th^;wire also given. Rule — 
Multiply^^''Sq6ftf%'9L &^ of the cone by i of its 

. altitude for a dividend ; square the diameter of the wire 
for a divisor ; the quotient resulting from the division 
will be the length. 

EXAMPLES. 

1. YHiat length of a wire iV of an inch diameter iajn 
be drawn from a cone whose altitude is 6 inches, and 
diameter 4? Ans. 88,888 + yards. 

.2. The base of a conical ingot of gold is 3 inches, 
and altitude 9 inches — What length of wire may be 
drawn from it, the diameter of the wire being the one 
thousandth part of an inch ? Ans. 426-A- miles. 

* 3. The altitude of a cone is 12 inched, and its base 
, ' 4 inches in diameter — What length of wire, withmlt 
loss of metal, may be drawn from it ; the diameter of 
the \^ire being the i of an inch ? ' Ans. 256 feet 
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A REOuirAiilxKly is a solid contained under a certain 
number of similar and equal plane figures. *The whole 
number of regular bodies which can be formed is five. 

1. The Tetraedron or equilateral triangular pyramid, 
which has four equilateral triangular faces. 

2. The Hexaedron or cube, which l^as six square 
feces. / ^^ 

3. The Octaedron; whitih has eigfa^ eqiiilateral tri- 
angular feces./ ^ / , ^ 

I. The Dodecahedron,- which has tweWe equal pQQt- 
agonal faces. "", ., 

5. The Icosdi^droii,' which hats 20 equilateral trian- 
gular feces. 

If tlie following figures be made of pasteboard, and 
the lines be cut half through so that the parts may be 
folded together, they will represent the five regular 
bodifBs afoov^. mentioned. . ; ? 

' Tetraedron. Hexaedroh. 
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l^ROBLIv^ I. 



To find the solidity of the tetraedrofi. iZttfe*— ^Mul- 
tiply iV of.tloaieiibeof the linear side by .the -square root 
of the numb o j p two, |i nd the product will be the solidity. 



EXAMPLES. 



1. The linear si4e of a tetraedron is 6-^-^What is its 
solidity ? Ans. 14,73125 the solidity. 

2. lil e qui r e l i t he splidity -of a tetraedron whose linear 
side isl 6. . Ans. 25,4556. 

3. Eequireid the solidity bf a tetraedron whose linear 
side is ^%et; t Ans. 7,5424 cubic feet 

• The mle for the he^aedron or cube, has been given before. 



» r 
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PROBLEM II. ':' 

The solidity of a tetraedon being ffiven, to* fyiditiii' 
side. /?wte— Divide thje solidity by tne sqUare rooit of 
the number two, multiply the quotient by 12,' and thd* 
cube root of the product will be the length of the linear 
side, 

, EXAMPLES* > ( i 

. 1. The solidity of a tetraedon is 9^46 feet-^^Bequiretf 
the length of the linear side. Ans. 4,314 -*-Kfet.* > 

2. The solidity of a tetraedon or equilateral trian- 
gular pyramid is 25,452 feet — What is the length of the 
fioear side? Ans. 6 ^t* 

3: Required the length oil the linear side of an eqUiV 
lateral triangular pyramid, whose solidity is 36 ^&et. 

Ans. 6,734 -H . -f' 

PROBLEM III, 

To find the solidity of an octaedron. Ride — Multi- 
ply i of the cube of the linear side by the square root 
Qf the number two, and the product will be the soli^ty^ 

EXAMPLES. -^ 

r 

1. What is the solidity of an octaedron, whoSe lineaCr 
side is 6 feet? Ans. 101,8224 cubic fe6t. > 

2. Required the solidity ofan octaedron, whose linear 
side is 5 inches. Ans. 58,925 cubic inches. 

3. What is the solidity of an octaedron whose linear 
side is 8 feet ? Ans. 241,3568 cubic'feet: 

PROBLEM IV. 

The solidity of an octaedron being given,, to find t^ 
length of the linear side. Rule — Dividp the solidity by 
the ^uare root of the number two, ^and paultiply tfeei 
quotient by 3, the cube root of the product will be the ' 
length of the linear si^e. , , 

^- h The solidity: of an octaedron is 32 fbet — Wh«tii# 
the length of the ^de ? Ans. 4,0793 ef &etl < 

9* 
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2. Required the length of the side of an octaedron^ 
^^^ j^Udity is 300 ^ tei^t.. Ans. 8i,6 feet 

. j, TChe;^pIidity,of aa octaedron is 60 feet— What Ai> 
Ct|^ I^Pjg^hqf the }xae»x side 3 M3. 5,039 + feet 

PROBLEM V. 

To find the solidity of the dodecahedron. Ride — ^ ^ 

mahif^SYBtimes the cub^of the Uoear side by 1)3^2, /J^SJf €^ 

andrt£te^odttct will be the solidity ^ 

' • ' ' ■ . - 

SlLAJtFLSS. 

L The .linear side of the dodecahedron is 4 feet-^. i 

Wiiat i»ilB solidity? <> Ans. 490,4384 cubic ftet. 

2.'Whitf ^ the iwtidity of a dodecahedron whose 
linea^side is 6 inches ? Ans. 1655,2296 cubic inches. 

3. Required the solidit]^ of a dodecahedron, whose 
linear side is two feet Ans. 61,3048 cubic feet 

t»R0BLEM TI. 

' The solidity of a dodecahedron being given, to find 
the length of the linear side. Ride — Multiply 1,53262 
by five for a divisor,, and divide the solidity by it, Ae 
quotient Vill 1»e the cube of the side required ; the cube 
ijp^^ which will be the side. 

EXAMPLES. 

i ' '■ 

Ir.The solidity of a dodecahedron is 206,901 soUd 
inches — What is the length of the linear side ? 

Ans. 3 inches. 

2. The solidity of a dodecahedron is 600 feet — What 
is the length of tne linear side ? Ans. 4,278 + feet 

3. Required the lengthof thesideof a dodecahedron, 
whose Solidity is 7,6631 feet Ans. 1 foot. 

' • ■ ' 

PROBLEM Vn* 

To find the solidity of an icosaedron. Ride— ^To 
tfiiwi times the square root of the number fire add 7| 
and divide the sum by two, then thesqinre root of this 
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quotient being ihultiplied by i of the cube of the linear 
side, will give the solidity required. 

EXAMPLES. 

1. If the linear side of the icosaedron be 3, what is 
the solidity ? Ans. 68,905676 the solidity required. 

2. What is the solidity of an icosaedron whose linear 
side is 4 feet? Ans. 139^62826 cubic feet. 

3. Required the solidity of an icosaedron, whose 
linear side is 1. Ans. 2,181691 the solidity required. 

PROBLEM VIII. 

The solidity of an icosaedron being givai, to find the 
length of the linear side. Rule — To three times the 
square root of the number five add 7, and divide the 
sum by two, and extract the square root of the quotient ; 
divide the solidity by I of that root, the quotient thence 
arising will be the cube of the linear side, the cube root 
of which will he the side required. 

EXAMPLES. 

1. The solidity of an icosaedron is 58,905675 inches 
—What is the length of the linear side? 

Ans. 3 inches. 

2. The solidity of an icosaedron is 600 feet — What 
is the length of the Unear side? Ans. f \ ~i. 

3. Required the length of the linear side of an icosae- 
dron, whose solidity is 2,181691 feet, Ans. 1. 
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SECTION IX. 



MENSURATION OF REGULAR BODIES. 

TABU OF BURFACfiS AKD SQUDS OF THE FIVE REGULAR SOSIESy THE 

BEING UNITY, OR ONE. 



No. Of 

■ides. 

4 

6 

8 

12 


Names. 


Areas of Surfaces. 


Roliditr. 


Tetraedron 

Hexaedron 

Octaedron 

Dodecahedron 

Icosaedron 


1,73205 
6,00000 
3,46410 
20,64578 
8,66025 


0,11785 
1,00000 
0,47140 
7,66312 
2,18169 



PROBLEM I. 

The superficies and solidity of any of the five regular 
bodies may be found as follows. 

Rule 1. — Multiply the tabular area by the' square of 
the length of the given side^ the product will be the 
area of the surface. 

Rule 2. — ^Multiply the tabular sohdity by the cube of 
the given side, and the product will be the solidity. 

EXAMPLES. 

1. The side of a tetraedron is 4 — What is the area 
of its surface ? Ans. 27,7128 the area. 

2. The side of a tetraedron is 6 feet — Required the 
area of its surface. Ans. 62,3538 square feet. 

3. The side of a tetraedron is 8 inches — What is the 
area of its surface? Ans. 110,8512 square inches. 

PROBLEM II. 

The area of the surface of a tetraedron being given, to 
find the length of the side. Rule — Divide the given 



area by 1,73305, and theiiSiUidi^ root of the quotient wiD 

1. Tljte a,tea of the .^ur%a of ^ ^^tra^ron is 8 feet— ^ ^s ^ 
What is the length of the side i ' J^m ,^xWff ^^^ MS^ J 

2. The ?^ea of ,the surfstpe of a tetraedron is 12 feet 
— lijTIxat i^ the J^ngth pf its si(Jle ? .Ans..8,§38 + .f^t 

3. Required the len^h pf the si^e pf a tetraedron, the 

are^ ,Qf ]!ji:h^e. ^l^&cp 18 20 jjiches. 

Ans. 3,398 + inches. 
.1 

PROBLEM III. 

The adfiipf i^ He^ff^gpn b^iRg ^^ 
^f Its, sur%^ . /$|«/f TT^Mi^ll^pJy the sqjuare of the giy^ 
side by 6, and the product will be ^e ^e;^ of its ^^ojfyjcfy 

4< The ^(|e of |L jhqcE^gpa i^ $ inpbfis — W^at is the 
j^r^ .<^ it^ §Uii;jiace ? Ans;,$84$qi;iare ixu?be& 

% 'Tik^ ai««i ftf «»l]b©x9(p>i|, is iip inches— What is gfie 
area of its surfec^ ?. : : . \hx^, .GOO^u^eiij^^, 

The area pf the ^^f^^ot a b/exi^;oQ being ^ven, 40 
fin(} jtbe ler^th pf ^ side. Rvle — Divide the area of 
the surface by 6, and the square root of the quotient 
will be the length of the side. 

1. The arpa of the ^uj^face of a hexagon is 2t6 feet 
—What is the length of the side ? Ans. 6 feet ' , 

2. Required the len^h of the side of a hexagon, the 
area of whoso surface ^s^ Wi. im^^ Ans. 7,071 +• 

PROBLEM V, 

The lepg^ pf ibe ^ide of an octaedron being given, 
to ^ thQ ^ea pf its ;?^^iace. jR?f/^— Mu^pTy the 
^uare of the |^ven side by %^\ aod ^ J>r<¥)m(y| 
w^l.te tt)e a^ea of the swrface^ 



It 
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SXAfilPLES. )• '**>)■• 

1. The length of the side of an octaedrcm is 3'fed 
— What is the area of its sur&ce? 

Ans. 31,1769 square feet 

2. Required the area of the sur&ce of an octaedrb^, 
whose side is 4 feet 6 inches. . V' 

Ans. 70,148 + square feet. 

3. What is the area of the suid&ce of an octaedron, 
whose side is 6 feet in length ? 

Ans. 124,7076 square feet. 

PROBLEM YI. 

The area of the sur&ce of an octaedron being given, 
to find the length of the side. Rule — Divide the given 
area by 3,4641, and the square root of the quotient will 
be the length of the side. 

EXAMPLES. 

1. The area of an octaedron is 20 square feet — ^What 
IS the length of the side ? Ans. 2,4 feet. 

2. What is the length of the side of an octaedron, 
the area of whose surmce is 36 square feet ? 

Ans. 3,2237 + feet. 

3. Required the length of the side of an octaedron, 
the area of whose surface is 24 square feet. 

Ans. 2,6821 + feet. 

PROBtEM VII. 

The length of the side of 5l dodecahedron being given, 
to find the area of its sur&ce. i?t^e— Multiply the 
square of the given side by 20,64578, and the product 
will be the area of its sur&ce. . 

SXAHPLES. 

1. The length of the side of a dodecahedron is 6 feet 
—What is the area of its surface ? 

Ans. 743,24808 square feet. 

2. Required the area of the sur&ce of a dodecahe^ 
dron, the length of whose side is 5i feet 

Ans. 624,634845 square feet. 
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3. What is the area of the sur&ce of a dodecahedron, 
the length of whose side is 3 feet? 

Ans. 186,812 square feet. 

PROBLEM VIII. 

The .area of the surface of a dodecahedron being 
given, to find the length of the side. iJwfe— Divide the 
given area by 20,64578, and the square root of the 
4U9tient will be the length of the side required. 

EXAMPLES. ^ 

1. The area of the surface of a dodecahedron is 840 
feet— What is the length of its side ? 

Ans. 6,3785 + feet. 

2. Required the length of the side of a dodecahedron, 
the area of whose surmce is 150 square yards. 

Ans. 2,6954 + yards. 

3. What is the length of the side of a dodecahedron, 
the area of whose sumce is 120 square feet? 

Ans. 2,4108 + feet. 

PROBLEM IX% 

The length of the side of an icosaedron being given, 
to find the area of its sur&ce. Rtde — Multipfy the 
square of the given side by 8,66026, and the product 
vnH be the area of its sur&ce. 

EXAMPLES. 

i. What is the area of the surfiice of an icosaedron, 
the length of whose side is 6 feet? 

Ans. 311)769 square feet. 

2. Required the area of the surface of an icosaedron, 
whose side is 4ci- feet. Ans. 175,37 square feet. 

3. If the side of an icosaedron is 3 feet, what is the 
area of its sur&ce ? Ans. 77,94225 square feet 

PROBLEM X. 

The area of the surface of an icosaedron being given, 
to find the length of the side. Rtde — Divide the given 
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ai^ by 8\66fM5i^ viM me ^i^i^lMt' oF ^' 4uagent 
will be the length of the sMd' r^iMi' 

EXAMPLES. 

1. The area of the sur&oe'>of a icosaedron is 294 
flqaare feet — What is the length of its side? 

. 2l Rieqiiired the length of the side of an icpsaecDrxni, 
th6 area of whose surface is' 16 square yards. ,, , 

Ans. 1,36 — yards. 
^. What is the length: o( the side of an icosaedron^ 
tli9 ^r^ of whose sumce is 284 sqioare feet ? 

Ana.&,7266H'^eet 



I 
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SECTION X. 



MENSURATION OF REGULAfe BODIES. 

PROBLEM I. 

The side of a tetraedron being given, to find the 
solidity. Rule — Multiply the cube of the given side by 
0,11785, and the product will be the solidity. 

EXAMPLES. 

1. The side of a tetraedron is 7 feet — What is its 
solidity? Ans. 40,42255 cubic feet. 

2. The side of a tetraedron is 3 feet 6 inches — What 
is its solidity? Ans. 5,0528 + cubic feet. 

3. Required the solidity of a tetraedron, whose linear 
side is 5 feet. Ans. 14,73125 cubic feet. 

PROBLEM II. 

The solidity of a tetraedron being given^ to find the 
lenffth of the side. Rule — Divide the solidity by ,11785, 
and the cube root of the quotient will be the length of 
^the side, 

EXAMPLES. 

1. The solidity of a tetraedron is 230 solid feet — 
What is the length of its side ? Ans. 12,44 + feet. 

2. An equilateral triangular pyramid contains 128 
' feet— ^What is the length of the side ? 

Ans. 10,279 + feet. 

3. Required the length of the side of a tetraedron, 
whose solidity is 3 feet. Ans. 2,941 + feet. 

IQ 
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PROBLEM III. 



Having the diameter of a globe given, to find the 
perpendicular altitude of the largest tetraedron that can 
be formed within it. Rtde — Bfoltiply the diameter by 
three, and divide the product by 11 ; then subtract the 
quotient from the diameter or axis of the globe given, 
and the remainder wiU be the perpendicular altitude 
required. 



EXAMPLES. 



1. The diameter of a globe is 12 inches — What is 
the perpendicular altitude of the greatest tetraedron that 
can pe formied within it ? Ans. 8,7273 + inches. 

2. If the aops of a glpbe be 5 feet, what is the perpen- 
dicular altitude of the greatest equilateral triangular 
pyramid that can be cut from it ? Ans. 3,6364 feet« 

' PROBJ-EM IV. 

Having the diameter of a globe given, to find the 
length of the side of the greatest tetraedron that can be 
maae from it. ftule — ^ifiiltiply the given diameter by 
three, and divide the product by eleven, subtract the 
quotient from the diameter, and miiltiply the remainder 
by the quotient, and that product by 4 ; the square root 
pf the last product will be the side required. 

EXAMPLES. 

1. The axis of a globe is 30 inches — What is the 
length of the side of the greatest tetraedron that can be 
ipade from it ? Ans. 26,72 inches. 

2. What is the lei^h of the side of the greatest 
tetraedron that can be made from a globe, whose diam- 
eter is 22 inches ? Ans. 19,59 + inches. 

3. I demand the length of lite side of the greatest 
tetraedron that can be made from a globe whose diame- 
ter is 11 inches. 

Ans. 9,798 — inches the length of the ^de« 
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PROBLEM V. 

Having the length of Ae side of a tetraedron given, to 
find the oiameter of the least globe from tvhich it could 
have been taken. Ruie- — Suppose the diameter of the 
globe to be any convenient number, and find the solidity 
of the greatest tetraedron that can be made from it ; fiind 
also the solidity of the tetraedron given in the question: 
then as the solidity of the pyramid cut from the supposed 
globe is to the c5ttbe of the diametet of the supposed 
globe, so is the soUdity of the tetraedron to the cube of 
the diameter of the globe recjuired, the cube root of 
which will be die diameter. 

EXAMPLES. 

1. The side of an equilateral triangular pyramid is 
10 inches — What is the diameter of tfie smallest globe 
from which it could have Tbeen made 1 

Ans. 11,226 inches. 

2. What is the diameter of the least ^lobe from which 
a tetraedron may be made whose side is 6 inches ? 

Ans. 6,735 + inches. 

3. If the side 6f an equilateral triangular pjrramid 
be 24 inches, what is the diameter of the smallest globe 
from which it could have been made ? 

Ans. 26,91 + inches. 

PROBLEM VI. 

The length of the side of an octaedron being given, 
to find its solidity. Rule — ^Multiply the cube of the 
len^h of the side by ,4714, and the product will be the 
solidity. 

EZAVFLtft. 

1. What is the soUdity of an octaedron whose side is 
3 feet 3 inches ? Ans. 16,1822 + cubic feet 

8. iteqiiii[^ the solidity di an ocltaedron, who^e side 
is 2 inicl^. Ans. 3,77l2 cubic inches: 

8. The sidi? of an octaedron is 6 feet— What is its 
solidity? ^ Ans. 68,926 cubic feet 
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PROBLEM VII. 

The solidity of an octaedron being given, to find the 
length of the side. Rule — Divide the solidity by ,4714, 
and the cube root of the quotient will be the length of 
the side required. 

EXAMPLES. 

1: The solidity of an octaedron is 12 feet — What is 
llie length of the side ? Ans. 2,9416 + feet. 

2. E^uired the len^ of the side of an octaedron, 
whose solidity is 128 met Ans. 6,475 + feet. 

3. What is the length of the side of an octaedron, 
whose solidity is 9 soud feet ? Ans. 2,6727 + feet. 

PROBLEM VIIL 

f 

The side of a dodecahedron being given, to find its 
solidity. Rule — ^Multiply the cube of the length of the 
side by 7,66312, and the product will be the solidity. 

EXAMPLES. 

1. The length of the side of the dodecahedron is 2 
feet — What is its solidity ? Ans. 61,30496 cubic feet. 

2. What is the solidity of a dodecahedron, whose side 
is 3 feet in length? Ans. 206,90424 feet. 

3. Required the solidity of a dodecahedron, whose 
side is 4 inches. Ans. 490,43968 cubic inches. 

PROBLEM [X. 

The solidity of a dodecahedron being given, to find 
the length of the side. Rule — Divide the solidity by 
7,66312, and the cube root of the quotient will be the 
length of the side required. 

EXAMPLES. 

1. What is the length of the side of a dodecahedron, 
whose solidity is 500 soUd feet ? Ans. 4,026 — feet. 

2. Required the len^^h of the side of a dodecahedron 
whose solidity is 126 feet ? Ans. 2,556 + f^^et. 
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3. If the solidity of a dodecahedron be 1728 feet, 
what is the length of the side ? Ans. 6,0866 + feet. . 

I^BOl^fiM X. 

The length of the side of an icosaedron being given, 
to find its solidity. JBirfc— Multiply the cube of the 
side by 2^18169, and the product will be the soUdity. 

EXAMPLES. 

1. The lenffth of the side of an icosaedron is 3 feet — 
What is its solidity ? Ans. 58,90563 cubic feet 

2. The length of the side of an icoisaedron is 4 feet — 
What is it$ solidity ? Ans. lS9,62816 cubic feet. 

3. Required the solidity of an icosaedron, the length 
of whose side is 6 feet. Ans. 471,246 + cubic feet. 

PROBLEM XI. 

The solidity of an icosaedron bein^ given, to find 
the length of the side. Ruie — Diyide me solidity by 
2,18169, and the cube root of the quotient will be tfiQ 
length of the side required. 

EXAMPLES. 

1. The solidity of an icosaedron is 24 solid feet — 
What is the length of its side ? Ans. 2,22398 + feet. 

2. What is the length of the side of an icosaedron, 
whose solidity is 128 feet ? Ans. 3,841 + feet, 

3. Required the length of the side of an icosaedron, 
whose solidity is 16 feet. Ans. 1,9428 + feet. 



10^ 
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SECTION XI. 



AiENSURATION OF SOLIDS. 

PROBLEM I. 

The diameter of a globe being given, to find the 
length of the side of a tetraedron containing the same 
solidity. Rule — Multiply the cube of the diameter by 
,5236, and divide the product by ,11785, and the cube 
root of the quotient will be the length of the side. 

EXAMPLES. 

1. The diameter of a globe is 8 inches — ^What is the 
length of the side of a tetraedron that contains the same 
solidity? Ans. 13,1516 + inches. 

2. Required the length of the side of a tetraedron, 
whose solidity is equal to the solidity of a globe whose 
diameter is 6 feet. Ans. 9,8637 +. 

PR9BLEM II. 

The length of the side of an octaedron being given, 
to find the length of the side of a tetraedron that shall 
contain the same solidity. Rule — Multiply the cube of 
the given side by ,4714, and divide the product by 
,117§5, and the cube root of the quotient will be the 
side required. 

EXAMPLES. 

1. The length of the side of an octaedron is 20 inches 
— ^What is the length of the side of a tetraedron that 
contains the same solidity ? Ans. 31,748 + inches. 

2. The length of the side of an octaedron is 3 feet — 
Requir^ the length of the side of a tetraedrcm that con- 
tains ihe same sdiidity. Ans. 4,7622 + feet. 
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PROBLEM III, 

The side of a dodecahedron being given, to find the 
side of an octaedron that contains 3ie same soUdity. 
StUe — Multiply the cube of the side of the dodecahe- 
dron by 7,66312, and divide the product by ,4714, and 
the cube root of the quotient will be the length of the 
required side. 

EXAMPLES. 

1. The side of a dodecahedron is 4 feet — What is the 
length of the side of an octaedron that' contains the 
same solidity ? Ans. 10,1328 + feet. 

2. The length of the side of a dodecahedron is 6 feet 
— Rec[uired the length of the side of an octahedron that 
contams the same solidity. Ans. 15,2 — feet. 

PROBLEM TV. 

The length of the side of an icosaedron being given, 
to find the length of the side of a dodecahedron that 
contains the same soUdity. Rule — ^Multiply the cube 
of the length of the side of the icosaedron by 2,18169, 
and divide the product by 7,66312, and extract the cube 
root of the quotient. 

EXAMPLES. 

1. The length of the side of an icosaedron is 12 feet 
— What is the length of the side of a dodecahedron that 
contains the same solidity ? Ans. 7,89 + feet. 

2. The length of the side of an icosaedron is 10 feet 
— ^What is the length of the side of a dodecahedron that 
contains the same solidity? Ans. 6,6986 + feet. 



116 MENBtJRATION OF SOLIDS. [Sic. XIL 



SECTION XII. 



MENSURATION OF RINGS. 

PROBLEM I. 

To fi^d the convex superficies of a cylindric ring. 
Ride — To the thickness of the ring, add the inner 
diameter, and multiply the sum by the thickness, and 
the product by 9,8696, will give the area of the surface 
required. 

EXAMPLES. 

1. The thickness of a cylindric ring is 3 inches, and 
the inner diameter 12 inches — What is its convex su- 
perficies? Ans. 444,132 square inches the area. 

2. The thickness of a cylindric ring is 4 inches, and 
the inner diameter 18 inches — What is the area of the 
convex surface ? Ans. 868,5248 inches. 

3. The inner diameter of a cylindric ring is 18- inches, 
and the thickness 2 inches — What is the area of the 
convex surface ? Ans. 394,784 inches. 

PROBLEM ir. 

To find the solidity of a cylindric ring. Rule — To 
the thickness of the rinff add the inner diameter, and 
this sum being multiplied by the square of half the thick- 
ness, and that product again by 9,8696 will give the 
solidity. 

EXAMPLES. 

1. What is the solidity of an anchor ring, whose 
inner diameter is 9 inches, and the thickness of metal 3 
inches ? Ans. 266,4792 cubic inches, 

2. The inner diameter of a cylindric ring is 12 inches, 
and its thickness 4 inches — What is its solidity ? 

Ans. 631,6544 cubic inches. 
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3. Required the solidity of a cylindric ring, whose 
thickness is 2 inches, and its inner diameter 16 inches. 

Ans. 197,6528 cubic inches. 

4. I demand the sohdity of a cylindric ring, whose 
inner diameter is 12 inches, and thickness five inches. 

Ans. 1048,645 cubic inches the solidity. 

PROBLEM III. 

The solidity and thickness of a cylindric ring being 
given, to find the inner diameter. Rule — Divide the 
soUdity by 9,8696, and that quotient by the square of 
half the thickness, from which subtract the thickness, 
and the remainder will be the inner diameter of the 
ring. 

EXAMPLES. 

1. The thickne3» of a cylindric ring is 4 inches, and 
its sohdity 789,568 solid inches— What is its inner 
diameter ? Ans. 16 inches. 

2. Required the inner diameter of a cylindric ring, 
whose soUdity is 138,1744 inches, and thickness 2 
inches. Ans. 12 inches. 

3. What is the inner diameter of a cylindric ring, 
whose soUdity is one -solid foot, and thickness 4 inches ? 

Ans. 

4. If the solidity of a cylindric ring be 4 solid feet, 
and the thickness 3,6 inches, what is the inner 
diameter? Ans. 18,765 feet 

5. What must be the inner diameter of a cylindric 
rin^, whose solidity is 1 solid inch, and thickness i of 
an mch ? Ans. 25,8132 + inches. 
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SECTION xm. 



MEASURING CASKS. 

There are four different forms of casks, which are 
frustrums of different kinds of solids, named from the 
greater or less apparent curvation of their sides. 

1. The middle frustrum of a prolate spheroid. 

2. The middle frustrum of a parabolic spindle. 

3. The two equal frustrums of a paraboloid. 

4. The two equal frustrums of a cone. 




PROBLEM I. 

To find the solidity of a cask 
of the first form. Rule — To 
the square of the head diameter 
add twice the isquare of the di- 
ameter at the bun^, and multi- 
ply the sum by the length of 
the cask; divide the product by 
1077 for ale gallons or 882 for 
wine gallons. 

EXAMPLES. 

1. Required in wine gallons the content of a sphe-^ 
roidal cask, whose leng£ is 40 inches, bimg diameter 
32, and head diameters each 24. 

Ans. 119 wine ^Uons. 

2. What is the solid content of a spheroidal cask^ 
whose length is 45 inches, bung diameter 34 inches, 
and head diameters each 26, in ale gallons ? 

Ans. 122,716 — ale gallons. 

3. A spheroidal cask is 42 inches long, and the 
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diameter at the bung 32 incheSy niui the head diamet^n 
each 23. mche&-«Wnat is its canteat in wine gaUons? 

Ajos. 122^147 — wine gaUona. 
4. I demand the solidity in ale gallons of a spheit>idal 
cask, whose length is 50 inches, bung diameter 40, and 
the diameter of eacjh head 32 inches. 

Ans. 196,1 ale gaJlon§. 

PROBLEM II. 

To find the solidity of a 
cask of the second form, 
namely, the middle frustnim 
of a parabolic spindle. Rtde | 
— To the square of the head 
diameter add double the 
square of the bung diameter, 
and from the sum take four- 
tenths of the square of the difference of the diameters, 
and multiply the remainder by the length, and divide 
the product by 1077 for ale gallons, or by 882 for wine 
g^ons. 

EXAMPLES. 

1. What is the soHdity in wine gallons, of a cask 
whose length is 40, bung diameter 31, and head diame- 
ters 24 inches ? Ans. 112,4 wine gallons. 

2. Required the solidity in ale gallons, of a cask of 
the second form, being that of the middle frustrum of a 
parabolic spindle, whose dimensions are, length 42 
inches, bung diameter 32, and head diameters 24 
inches. Ans, 101,33 ale gallons. 

3. Required the number of wine gallons, in a cask of 
the form of the middle frustrum of a parabolic spindle, 
whose length is 45 inches, bung diameter 32, and head 
diameters 25 inches. Ans. 135,3775 + wine gallons. 



PROBLEM III. 



To find the solidity of a cask 
of the third form. Rtde — To 




120 



MENSURATION OF SOLIDS. [Sec. Xin. 



the square of the bung diameter add the square of the 
head diaiueter ; multiply the sum by the length, and 
that product by ,0014 for ale gallons, or by ,0017 for 
wine gallons. 

EXAMPLES. 

1. What is the solidity in wine gallons, of a cask of 
the form of two equal firustrums of a paraboloid, whose 
length is 40 inches, bung diameter 32 inches, and head 
diameter 24 inches ? Ans. 108,8 wine gallons. 

2. Required the solidity in ale gallons, of a cask of 
the third form, whose length is 50 inches, bung diame- 
ter 30, and head diameter 20 inches. 

Ans. 91 ale ^Uons. 

3. * I demand the solidity in wine gallons, of a cask of 
the third form, whose length is 60 inches, bung diame- 
ter 30, and head diameter 20 inches. 

Ans. 132,6 wine gallons. 




PROBLEM IV. 

To find the solidity of a 
cask of the fourth form. 
Rule — Multiply the bung 
and head diameters toge- 
ther, and to that product 
add J of the square of their 
difference, and multiply that 
sum by the length, and the 
product by ,7854, and divide the last product by 231 
for wine gallons, or by 282 for ale gallons. 

9 EXAMPLES. 

1. The bung diameter of a cask, of the form two 
equal frustrums of a cone, is 32 inches, length 40, and 
the head diameter 24 inches — Required the solidity, 
in wine gallons. Ans. 107,3494 — wine gallons. 

2. The length of a cask of the fourth form is 50 
inches, the bung diameter 30, and the head diameter 21 
inches — What is its solidity in ale gallons? 

Ans. 91,49 + ale gallons. 
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3. The head diameters of a caBk of the fourth foirm 
are 18 inches, the bung diameter 30, and the length 50, 
inches — What are its contents in wine gallons ? 

Ans; 99,96 wine gallons. 

problem' V* 

To find the content of a cask by four diipensiotis. 
RtUe — Add together the squares of the bung and head 
diameters, and the square of double the diameter taken 
in the middle between the bung and head ; then multi- 
ply the sum by the length of the cask, and that product 
by ,0004f for ale gallons or by ,0006f for wine gallops* 

1. Required the content in wine gallons, of ktiy cask, 
whose length is 40, the bung diameter 32, the head di- 

ameter 24, and the middle mameter between the bung ^LJSA^ 
and head 28f inches. Ans. 1 If, 2 wine gallons. wWB"^ 

2. What is the solidity in ale gallons, of a cask, 
whose length is 50, the bung diameter 30, the head 
diameter 20, and the middle diameter between the bung 
and head 26 inches 7 Ans. 93,425 + ale gallons. 

3. What is the solidity in wine gallons of a cask, 
whose length is 20, bung diameter''16, the head diame-r 
ter 12, and the diameter in the middle between the^ 
14i inches ? Ans. 15,197 + wine gallons. 

PROBLEM VI. 

To find tlie content of any cask, having three dimen- 
sions only given. /?w/c— To 39 times the square of 
the bung diameter, add 25 times the square of the head 
diameter, and 26 times the product of those two diame- 
ters ; then multiply the sum by the length, and that 
product by ,00034, and divide the last product by 9 for 
wiije gallons, or by 11 for ale gaUons. 

EXAMPLES. 

1. Required the solidity in wine gallons, of a cask, 
whose length is 40 inches, bung diameter 32, and head ' 
diameter 24 inches. Ans. 112,2816 wine gallons. 
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2. What is the eontent in ale gftUonp^ of a ca^^ 
whose lengh is 50, bung diameter So, aoid head diame- 
ters, 24 inches ? Ans. 135,085 ale gallons* 

3. The numbet of wine gallons are required, which 
a cask 48 inches long, bun^ diameter 30, and head 
diameters 20 inches is capable of containing. 

Ans. 110,0693 + wine gallons* 

OP THE ULLAGE OF CASKS. 

The ullage of a cask is what it contains when only 
partly filled. 

The cask is considered either standing on the end 
with its axis perpendicular to the horizon, or as lying 
on its side with its axis parallel to the horizon. 

PROBLEM vrr. 

To fih?r,the u%ige of a cask standing on the end. 
Rule — ^Add together the squares of the diameter at the 
surface of the liquor, the square of the diameter of the 
nearest end, and tlxe square of tnrice the diameter in the 
middle between the other two ; multiply the sum by 
i^ of the distance between the surface and the nearest 
end, and that product by ,0028 for ale gallons, or ,0034 
£>r wine gallons. 

EXAMPLES. 

1. If the diameter at the surface of the liquor in a 
standing cask be 32 inches, the diameter of the nearest 
end 24, the middle diameter 29, and the distance be- 
tween the surface of the liquor and the nearest end 12, 
required in wine gallons, the quantity of liquor in said 
cask. Ans. 33f wine gallons. 

2. The three diameters being 24, 27 and 29 inches 
— Required the ullage in ale gallons, the liquor being 
ten inches deep. Ans. 20,22 + ale gallons. 

PROBLEM VIII. 

To ullage a cask lying with its axis parallel to the 
horizon. Ride — Diride the number of inches of the 



depth of the Uquor by the bung diameter ; find the quo- 
tient in the colunm of versed sines in the table of circu- 
lar segments, take out its corresponding area and mul- 
tiply it by the whole content of the cask, and the product 
again by i, the product .wil| be d»9 ullage nearly. 

EXAMPLES. 

1. If the bung diameter of a cask lyms horizontally 
be 32 inches, and. .its solidity 9a ale gafions, and the 
depth of the liquor 8 inches, what is its ullage ? 

,Ans. 17)65779 ale gallons. 

2. If the whole capacity of a lying cask be 4S^ wine 
gallons, the buc^ diamete(r 24 inches, and the distance 
from the bung to the surface of the liquor 6 inches, 
bow many gitl^ns.are contained in the cask ? 

Ans. 40,134 wine gallons. 

3. The whole capacity of a cask is 119 wine-geulons, 
and the bung diameter 32 inches,tmd the distance from ' 
the bung to the surface of the liquor 12 inches — How 
many gallons are contained in th^ cask ? 

Ans. 79 wine gallons. 
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SECTION XIV, 



ARTIFICfeRS' WORK. 

Artificers compute the value of their work by (lif- 
erent measures, viz. 

1. Glazing and mason's flat work, &c. by the foot 

2. Painting, plastering, paving, <fcc. by the yard. 

3. Flooring, partitionmg, roofing, tiling, &c. by the 
square, each consisting of 100 square feet. 

4. Brick and stone work by the perch of 16+ solid 
feet each. I • 

The measures made use of in artificers' works are 
contained ip, tl^a following table. 

12 inches make . . 1 lineal foot, 



144 square inches 

9 square feet 
100 square feet . 
2721- square feet . 
or 30i square yards 
lj6 j- solid feet . . 



1 square foot, 
1 square yard, 
1 square, 
1 square perch, 
1 square perch, 
1 solid perch. 



Of Bricklayers' Work. 

PROBLEM I. 

jBricklayers compute their work at the rate of a brick 
and a half in thickness, and if a wall be more or less 
than this standard it must be reduced to it by the fol- 
lowing. Rule — Multiply the superficial content of the 
wall in feet by the number of half bricks in the thick- 
ness, divide the product by three, and the quotient, will 
be the content required. 



48 ftet long, }2j&et « indae9 high, aiulfli bnoknifttuak:? 

^et 3 ioolwB biig, rl6t&et >iaKd)eshhigfa^ and ^it^^bncte 
thick ? Ans. 6,452 + square perCihea. 

3. if eiudi side wiOl cf a lruiliding*bei60 ftet hmg on 
the outside^ each end wall 35 feet 6 inches in the inside, 
and the height of the building 30 feet, and the gable at 
each end of the wall . IQ^ftot, what is the content in 
square perches, the whpl^ being 2 bricks thick ? 

Ans, 29,8 square perches. 

PROBLEM li; 

Of Mdsonsf Work. 

All sorts of stone work are performed by n^asons, 
and the measure made iise of is the solid perch, con- 
taining 164- 9olid feet. 

ESTAMPLES., 

1. How many solid perches of stone are contained iu 
a cellar wall, the length being 45 feet 6 inches on a 
side, and the breadth within 24 iGbet fti each end, 6 feet 
9 inches, high, an4 2 feet thick 1 

Ans. U^72 +.pepeheg. 

2* What is the expense of making a stpne wall under 
a building, whose length is 42 feet, Dreadth on the out- 
side 26 feet, the height of the wall being 6 feet 6 inches, 
and 2 feet ^ek, at 40 cents per solid perch ? 

Ans. $40,339 + . 

3. A cellar wall is B6^t in length on each side, the 
breadth in the inaide 24ieet, the height, 6 feet, and the 
thickness of the wall one foot 9 inches — What is the 
yjcpefise'ft>r\sCotie achd wodcmanship' at ^OB cents .per 
perch? AnSw $68,7*24 the expenae. 

4. 1^10 dtlnenskms of a certain ifaiifldiijig axe as f<^w, 
Viz. 58 feet by 96 on the outside, height of Ae building 

11* 



•126 OF ARTIFICBRSH WORK. [Bwc. XIV. 

22 feet, height of the gable at eadi end 12 feet, thick- 
aiew of the watt 15 mches ; t;wo doors 41- by 8 feet each; 
26 windows, efteh 3i bf 6 &et— What will the work- 
manship amount to at 56 cents a perch, making no de- 
daction for doors and windows; and what, the enense 
for stone M 44 cents a perch, deducting docws anawin> 
do WB ? : : 

Ans. 1^164,08 the workmanship, and $106,92 the 

value of the stone. 

I , 

PROBLEM III. 

Carpenters' and Joiners^ Work. 

The work of carpenters and joiners is that of flooring, 
partitioning, roofing, &^ and is measured by the 
square of 100 feet. 

EXAMPLES. 

1. If a floor be 60 feet long, 28 feet 9 inches broad, 
.hoAV many squares will it contain ? 

Ans. 17,25 squares. 

2. What is the expense of flooring a building 45 feet 
6 inches long, 26 feet 9 iiiches wide, two stones high, 
at 1,36 cents per square 1 Ans. l|49,6587. 

3. A partition is 96 feet 9 inches lon^, and 11 feet 6 
inches broad — How many squares will it contain ? 

Ans. 11,12625 squares. 

4. If the length of a building be 52 feet 6 inches, and 
the breadth 30 feet 3 inches, what will be the expense 
of roofing at 1,25 cents per square, the lencfth of the 
rafter being i of the breadth of the building ? 

Ans. $23,82. 

PROBLEM IV. 

Of Slaters^ and Tilers' Work. 

Rule — Multiply the length of the ridge by the girl 
from eave to eave^ and in slating, allowance must be 
made for' the double row at the tottom. In taking the 
j[irt the Une is made to ply orer tte lowest row of 
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slates, and returned up the und^ side till it meets with 
the wall or eaves-board; but in tilin^r, the line is stretched 
down only to the lowest part wimout returning it up 
again : double measure is generally allowed for hips, 
Tulleys, guttets, &c.. but no deductions are made for 
chimneys. 

EXAMPLES. 

1. The length of a slated roof is 48 feet 6 inches, a^d ^ 
its girt 36 feet 3 inches — What is the content ? ^ 

Ans. 1708,126 square feet. 

2. How many dollars will pay for tiling a barri at 
$3,40 per square, the length being 42 feet 6 inches, and 
the breadth 26 feet 9 inches, the length of the rafter 
being f the width of the building, and the eaves pro- 
jecting 9 inches on each side ? 

Ans. $60,148 + the expense. 

PROBLEM V. 

Of Plasterer^ W<yrk. 

Plasterers' work is of two kinds, viz. plastering upon 
laths, called ceiling ; and plastering upon walls, called 
rendering : and these different kin<& must be separately 
measured, and their contents collected into one sum, 
proper deductions being made for doors and windows. 

EXAMPLES. 

1. If a ceiling be 64 feet 9 inches long, and 24 feet * 
6 inches broad, how many square yards does it 

tain? Ajas4^^i 

2. If the partitions between two rooms be 160 Teet 
about, and 11 feet 6 inches high, how inani 
yards do they eontain ? Ans* fJH% _ 

3. If the lenstli of a room be 21 feet 8 inoies, ite 
breadth 17 feet 1 inches, and its height 10 ieet 3 inches, 
what will be the expense for plastering, at 7 cents per 
yard, deducting one door, whose size is 7 feet by 3 feet 
3 inches? Ans. $8,961. 





PROBLEM Vt. 

. Of Pavers* Worki 

Pfetver^ work is done by the tiq^uajK yard, and the 
oontitot is i)imd by multiplymg tifts length by tb^ 
breadth. If the dimensions be taken in feet^ and the 
area be found in the same measure, the ipsult being 
divided by 9, will give the number of square yards it 
contaiiis. 

EXABfi>LB8. 

1. The length of a rectangular court-yard is 46 feet, 
Iwd th^ breadth 18 feet 9 in^es — What will be the ex^ 
pense of paving at 40 cents per square yard ? 

^ Ans. #37,50. 

2. A rectangular court-yard is 64 feet 9 inches long, 
and 45 feet 6 mch^ in breadth — What is the expense 
of paving, at 45 cents per square yard ? 

Ans. #147,30. 

3. *The paving of a square, at 40 cents per yard, 
cost the same that the inclosing did at 1,20 cents — 
What was the side of the siq^uare ? Ai^s. 12 yards. 

Of Vaulted and Arched JRoofi. 

Arched roofe are either vaults, denies, saloons, or 
groins. 

Vaulted roofe are formed by arches, which spring 
from the opposite walls and meet in a line at the top. 
Domes are Ayrmed by arches ^priji^ingfrom a circu- 
^ Jar or polygonal base and meeting in a point at ibe top. 
*^\ viP'iwI'i are made by arches connecting the side 
walls to a flat roof or ceiling itf the middle groins, of are 
~ by the/ intersection of vaults^ with each oth^. 
aM saloons rarely occur m the practice of 
measnrmg, bot vaults and groins .^over the cellars of 
most houses. 

' . ■'•..,■ 

* Dhride the Yalae of enclosing one yard square by the enense 
of paving one Muare yard, and' the quotient will be t^e nomber oi 
yards confalnea in the side of the square. 
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• Yaulied, are geaeially one of the three foUoiifing 
sorts :-^ » •'••_. 

1. «Oireularroo&, are those whose arches are some 
part of the circumference of a circle. 

2. EUiptical roo&, ar& thofi« whose arches are some 
part of the. circumference, of an ellipsis. 

3. Gothic roo6, are those which are formed by circu- 
lar arches mteeting in a point directly/oyer the middle 
of the breadth or span of the arch. . 

PROBLEM VII. 

='..■•■••■ , ' 

To find the soUd content of circular, eUiptical, or 
Gothic vaulted roo&. Rule — ^Multiply the area of one 
end by the length of the roof, and the product will be 
the solidity. 

XXAMPLES. 

1. What is the sohdity of a semicircular vault whose 
span is 40 feet, and its length 124 feet ? 

' As^. 77911,68 the solidity required. 

2. Required the solidity of an elliptic vault, whdse 
span is 40. feet, height 12 feet, and lensfth 80. 

Ans. 30159,36 the sohdity. 
. 3. Required the solidity of a Gothic vault, whose span 
is 48, the chord of its arch 48, the distance of the arch 
^om the middle of the chord 18, and the length of the 
vault 60> &et. . . Ans 136^36,34512 the solidity* 

. :^AOBl4£M VIII. 

To find the concave or convex surface of drciilar 
eUiptical, or Grothic vaulted roofii. Rule — ^Multiply the 
len^h of the arch by the length of the vault, and the. 
product -Ml be tb& superficies required. * . 

•.•••• ' . ••. • 

' EXAHPLES. 

li Whmtiis the concave stir&cd of a semicircular 
Tault, whofle span is 40 feet, and its length 120? 

Ans. 7639,84 feet. 



8; 'Wkkt iiB the concai^e mivflbee of b sdminiBclilar 
vault, whose span is 30 feet, and its length 90 tde^f- 

AnB.14I8,7B. 

PAOBZiBM IX. 

Given the height and dinitensions ij>f the baife df fei 
dome, to find its solidity. Kule^MiiUipiy thte area 
of the haselfjr * of the height, and the predH<rt Willie 
the solidity required. 

EXAMFLES. 

1. What is the solidity of a spherical dome, the di- 
Ametet of whose circular base is 60 feet ? 

Ans. 56548,8 feet, solidity requited. 

2. What is the soUd content of a spherical dome, the 
diameter of whose circular base is 90 feet? 

Ans. 763408,8 cubic feet. 

PROBLEM X. 

To find the superficial content of a spherical dome. 
Ride — Multiply the ail'ea of the base by 2, and the pro- 
duct will be the superficial ccmtent required. 

HXUIPLBS^ 

1. What is the expose of painting an octagonal 
spherical dome, eadi side of whose base is 30 feet, at 
12 cents per square yard ? Ans. 51,503 dollars. 

2. What will be the expense of painting a hexagonal 
spherical dome, each side of whose base is 20 feet, at 

• 15 qents per square yard ? Ans. $34,641. 

PROBLEM XI. 

.To find the solid content of a saki6». LRufe'^Mul- 
tiply the height of the arc by its projection, and that 
product by i of the perimeter of the ceiling, and that 

^^uet «i^in by %1416 together, andcail Ihe test^^ro- 

duct Ai'vr jii,. 

^F^tir^'%ide or diameter of the room, take a like side 
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or diameter of the ceiliog^.aud multiply the square of 
the remainder by the proper factor found in the t^ble of 
ittud^liers fer aSi regular polygons, and this prod,u9t 
again by f -irf thelleight, and cm\! the last product 5. 

Multiply ^he area of the flat ceiling by the heigjit pf 
the' arc, arid thiis jprod'uct added to the sum of A and B 
will give Ate content required. 

EXAMPLES. 

1. What is the soUd content of a saloon with a circu- 
lar quadrantal arc of 2 feet radius springing over a 
rectangular room of 20 feet long, and 16 feet wide ? 

Ans. 681,2629 feet. 

2. Required the capacity in cubic feet of a circular 
building of 40 feet in diameter, and 25 feet high to the 
ceiling, covered with a saloon whose circular arc is 5 
feet radius. Ans. 35614,8 cubic feet. 

PROBLEM XII. 

To find the solid content of the vacuity formed by a 
groin arch, either circular or elliptical. Rule — ^Multi- 
ply the area of the base by the height, and the product 
again by ,904, and it will give the required solidity. 

EXAMPLES. 

1. What is the soUdity of the vacuity formed by a 
circular groin, each side of its square base being 12 
feet ? Ans. 781,056 solidity required. 

2. What is the solidity of the vacuity formed by an 
elliptical groin, one side of its square base being 20 feet, 
and the height 6 feet ? Ans. ,2169,6 feet. 

PROBLEM XIIL 

To find the concave superficies of a circular groin. 
Rule — ^Multiply the area of the base by 1,1416, and the 
product will be the superficies required. 
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tZAMPLES. 

1. What is the curve superficies of a circular groia 
arch, each side of its square base being 16 feet 1 

Ans. 292,2496 square feet . 

2. What is the concave superficies of a eircular groin 
arcl^ each side of its square base being 14 feet ? 

Ans. 223,7636 square feet. 
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SECTION XV. 



MENSURATION OF SOLIDS. 

PROBLEM I. 

To compute the number of shot or shells in a finished 
pile. 

DEFINITION. 

Shot and shells are generally piled in three different 
forms, called triangular, square, or oblong piles, accord- 
ing to the form of their bases, which are either trian- 
gular, square, or rectangular. 

A triangular pile is formed by the continual laying of 
triangular horizontal courses of shot, one above another 
in such a manner £is that the sides of these courses 
called rows decrease by unity from the bottom to the 
top row, which ends always in one shot. 

A square pile is formed by the continual laying of 
square horizontal courses of shot, one above another, in 
such manner as that the sides of these courses decrease 
by imity from the bottom to the top row, which ends 
also in one shot. 

The oblong pile may be conceived as formed from 
the square pile to one side or face of which a number 
of arithmetical triangles equal to the face have been 
added, and the number of arithmetical triangles added 
to the square pile by means of which the oblong pile is 
formed, is always one less than the number of shot in 
the top row, or which is the s^me, equal to the difference 
of the bottom row of the greater side and that of the less. 
. To find the number of shot in a finished triangular 
pile. Rule — To the number of shot in the bottom row 
add 2, and multiply the sum by the number of shot itt 

12 
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6. How many shot are in the unfinished rectangular 
pile of 12 courses, the length of the base being 40 and 
20? Ans. 6144. 

6. Required the number of shot contained in the un- 
finished rectangular pile of 8 courses, the length and 
breadth of the l^ise containing, 30 and 20 shot. 

Ans. 3466. 
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SECTION XVI. 



' bP SPECIFIC GRA Vitf . 

The Sp'edific Gravities of bodies are their r^fittive 
weights contained under the same given magnitude as a 
cubic foot, a cubic inch, &c. 

The specific gravities of several sorts of bodies are ex- 
pressed by the numbers annexed to their names in the 
following table, as found by actual experiments, and are 
calculated t<) correspond with a cubic foot of each in 
avoirdupoi* "dimces. 

▲ r^BLE OF SPECIFIC GRAVITIES OF BODIES. 



Platina (pure) one tjubic foot weighs 
Fine gold - - * - . - 
Standard gold 
duick silver (pure) - 
Quick silver (common) - 
L^ad - , - - » 
Fine silver . - . . 
Standard silver 

Copper 

Gun metal • 

Ca^tbarass - . - . 

Steel 

Iron 

Cast Iron - . . . 

Tin 

Clear crystal glass - 
Granite - - - - 
Marble and hard stone 
Common green glas^ 
Flint -.-,.. 

Common stoae 

13* 



23000 ounces. 

19400 

17724 

14000 

13600 

11325 

11091 

10535 

9000 

-8784 

8000 

7850 

7645 

7425 

7320 

3150 

3000 

2700 

2600 

2570 

2520 ., 
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day and loam ... 2160 ounces. 

Brick 2000 

Common earth ... 1984 

Nitre 1900 

Ivory 1825 

Brimstone .... 1810 

Solid gunpowder - - - 1745 

Sand 1520 

Coal 1250 

Pitch 1150 

Dryboxwood - - . - 1030 

Sea water . . . . 1030 

Common water ... 1000 

Dry oak .... 925 

Gunpowder closely shaken - 922 

Dryash ..... 800 

Dry maple . - . - 765 

Dryehn . . . . 600 

Dryfur 550 

Cork . - - - . 240 

Air at a mean state - . - '1| 

PROBLEM I. 

To find the specific gravity of a body. Ride — When 
the body is heavier than water weigh it both in water 
and out of water, and take the difference which will be 
the weight lost in water. Then, as the weight lost in 
water is to the whole or absolute weight, so is the specific 
gravity of water to the specific gravity of the body. 

EXAMPLES. 

1. If a stone weigh 10/i., but in water only 7, required 
its specific gravity. Ans. 3333 + avoirdupois ounces. 

2. If a stone weigh 24/6^., but in water only 20,.what 
is its specific gravity. Ans. 6000. 

PROBLEM II. 

VHien the body is lighter than water so that it will not 
sink, affix to it some other body heavier than water, so 
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tbai the mass eompoundied of the two may sink toge- 
gether. Weigh the heavier body and the compound, 
mass separately, both in water and out of it, and find 
how much each loses in water, by subtracting its we^ht 
in water frpm its weight in air. Then as the di&r- 
ence of these remainders is to the weight of the light 
body in air, so is the specific gravity of water to the 
specific gravity of the body. 

EXAMPLES. 

1. Suppose a piece of elm weighs 15/i. in the air, 
and that a piece of copper which weighs 18Z6. in air 
and 16/6. in water, is affixed to it, aaid that the com- 
pound weighs 6lb. in water — Required the specific 
gravity of the elm. Ans. 600. 

2. Suppose a piece of dry oak weighs in air 37W., 
and a piece of copper that weighs 18lb. in air and 16 
in water, is affixed to it, and that the compound weighs 
13Z6. in water — Required the specific gravity of the oak. 

Axis. 925 ounces. 

PROBLEM III. 

To find the specific gravity of a fluid. Rule — Take 
a piece of a body of toaown specific gravity, weigh it 
both in and out of the fluid, finding the loss of weight 
by taking the difference of the two ; then as the abso- 
lute weight is to the loss of weight, so is the specific 
gravity of the solid to the specific gravity of the fluid. 

EXAMPLES. 

1. A piece of cast iron weighed 34,61 ounces in a 
fluid and 40 ounces out of it — ^What is the specific 
gravity of the fluid ? Ans. 1000. 

2. A piece of cast brass weighed 36,375 ounces in a. 
fluid, and out of it 40 ounces — ^Whatwas the specific 
gravity of the fluid ? Ans. 925. 

PROBLEM IV. 

To find the quantities of two ingredients in a given 
compound. RtUe — Take the difference of every pair 
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of the three Specific gravities, viz. of the compdund and 
each inffredient, and multiply the differefnce of 6vei7 
two by me third ; then as the sreatest product is to th^ 
\v*hole weight of the compound, so is each of the othet 
products to the weights of the two ingredients. 

EXAMFLESi 

1. A composition of 112/6.^ being made of tin and 
copper, whose specific gravity is found to be 8784 — 
R^uired the quantity of each ingredient. Ans. 

2. A composition of 4Slb., being made of titi and 
copper, whose specific gravity is found to be 8440 — 
"WTiat was the weight of each ingredient ? 

Ans. 34,122o of copperj and 13,8776 of tin. • 

PROBLEM V. 

The weight of a body being given to find its magni- 
tude. Rule — As the tabular specific gravity of the 
body is to its weight in avoirdupois ounces, so is one 
cubic foot, or 1728 cubic inches to its solidity, in feet 
or inches respectively. 

EXAMPLES. 

1. Required the content of an irregular block of 
marble that weighs 112 pounds. 

Ans. 71,68 cubic inches. 

2. Required the solidity of an irregular block of 
granite that weighs 300 pounds. 

Ans. 172,8 cubic inches. 

PROBLEM VI. 

To find the weight of a body when its magnitude is 
given. Rule — As one cubic foot is to the content of 
the body, so is its tabular specific gravity to the weight 
of the body. 

EXAMPLES. 

1. Required the weight of a bar of iron 28^ inches 
broad, ^ inch in thickness, and 16 feet long. 

Ans. 66,3625 pounds. 
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2. Required the weight of a block of marble, whose 
length is 63 feet, and its breadth and thickness each 12 
feet, these beins^ the dimensions of one of the stones in 
the walls of Balbec. 

Ans. 683iV tons, which is equal to the burden of an 

East India ship. 

,3. What is the weight of a pint, ale measure, of gun- 
powder closely shaken? Ans. 18,8 ounces. 

4. What is the weight of a cord of dry maple wood ? 

Ans. 5400 nearly. 

5. What is the weight of a block of dry oak, which 
measures 12 feet long, 16 inches wide, and 14 inches 
thick ? Ans. 1079 pounds. 

6. A common stone is 4 feet long, 2 feet 6 inches 
wide, and one foot 9 inches thick — What is its weight? 

Ans. 2756,25 poun&. 

7. What is the weight of a leaden ball t of an inch 
diameter? Ans. 1,4477 — ounces. 

8. What ia the weight of a cubic inch of standard 
gold? Ans. 10,257 — avoirdupois ounces. 
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SECTION XVII. 



MISCELLANEOUS aUESTIONS. 

1. How many square feet in a floor 16 feet 9 inches 
square ? Ans. 280,6625 square feet. 

2. If the floor of a room be 24 feet long, and l6 feet 
9 inches wide, what is the expense of flooring at $1,50 
per square ? Ans. $6,03. 

3. If a piece of land be -40 chains in length, and 35 
in breadth, how many acres does it contain ? 

Ans. 140 acres. 

4. The base and perpendicular of a right-angled tri- 
angle are 36 and 24 chains— What is the area and 
length of the hypotenuse ? 

Ans. 31,2 acres, 43,2666 + chains the length of the 

4 hjrpotenuse. 

5. The area of a rectangular parallelogram is 4,5 
acres, and the length exceeds the breadth by four chains 
— What is the length and breadth of the parallelogram ? 

Ans. 9 chains by 5. 

6. How much in length, that is 8 inches wide, will 
be equal to a square foot ? Ans. 18 inches. 

7. The diameter of a circle is 25 rods — Required the 
length of a stone wall that will enclose it. 

Ans. 78,54 rods. 

8. What is the length of a stone wall that will enclose 
an acre of land in the form of a circle ? 

Ans. 44,84 rods. 

9. How many perches of stone are sufficient to build 
a stone wall two feet thick, four feet six inches high, 
enclosing a circular garden, containing half an acre 
of land ? Ans. 2§8,3 perches. 

10. How many men may stand on an acre of land, 
allowing 12 square feet to each ? Ans. 3630 men. 
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It. The txansverse and conjugate diameter* <jf atl 
ellipsis, are 4& and 86 rodsM-:-What is^ its area ? 

Ans. 8,1289 acres. 

.18. Two men carrying m weight of 128 pounds on a 
pole four feet Ibng:, the weight hangiiBtg 6 inches from 
the centre — How mudi of its weight does one carry 
more than the other? Ans. 32 poimds. 

13. The diameter of a globe is 18 inches — What is 
its solidity ? Ans. 1,76715 cubic feet. 

14. I demand the length of the chord that will cut 
oif i of the area of a circle, whose diameter is 60 chains. 

Ans. 57,856 chains. 

15. The versed sine of the segment of a circle is 16 
feet, and the chord 64 — What is the diameter of a cir- 
cle corresponding in area thereto ? Ans. 80 feet. 

16 The area of a rectangular parallelogram is 10 
acres, and the length of the sides are in the proportion 
of five to four^ — What are the length of the sides ? 

Ans. 11,18 + , and 8,944 + chains. 

17. What is the length of a line which will allow my 

fardener to strike out a round orangery containing 
rods of ground ? Ans. 19,625 yards. 

18. What is tlie sohdity of a cylinder whose length is 
42 feet, and diameter* 17 inches ? Ans. 

19. What length of wire, without loss of metal, may 
be drawn from a globe 6 inches diameter, the diameter 
of the wire being ih part of an inch ? 

Ans. 1600 yards. 

20. What is the soUdity of a cast iron stove that 
weighs 400 pounds ? Ans. 1489,45 + cubic inches. 

21. What is the solidity of a cone, whose diameter at 
the hase is 40 inches, and perpendicular height 9 feet ? 

Ans. 26,18 cubic feet. 

22. How many solid yards of earth must be thrown 
out to make a cellar 48 feet long, 27 wide, and 6 feet 
deep 7 Ajis. 288 solid yards. 

23. How many bushels will a cubic box, whose side 
is 4 feet 6 inches, contain ? Ans. 73,2245 + bushels. 

24. The perpendicular altitude of a cone is 8 feet — 
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What is the altitude when 9 of its solidity is cut off by 
a section parallel to^ and adjoining its base ? 

Ans. 7,65 feet 
26. The bade of a right-angled triangle is 50 chains, 
and its perpendicular 40) to be dividea into two equa; 
parts by a line parallel to the perpendicular — Required 
the length of the base of each part ? 

Ans. 35,3553 + and 14,6447. 

26. The area of a rectangular parallelogram is ten 
acres, 3 roods, and 8 rods, and the length of the diagonal 
is 60 rods — What is the length of the sides ? 

Ans. 48 and 36 rods. 

27. How many pieces + of an inch square are con- 
tained in a circular piece of plank 6 inches diameter, 
and I2 inches thick? Ans. 2714 + pieces. 

28. How many ale gallons are contained in a cistern 
whose top diameter- is 5 feet, bottom 6, and depth 7 feet. 

Ans. 1021,8889 gallons. 

29. A well is dug 30 feet deep, 7 feet in diameter, 
and stoned so that the hollow space is 2 feet 6 inches 
diameter — How many perches of stone were required to 
complete the same ? Ans. 61,047 perches. ' 

30. Required the transverse and conjugate diameters 
of an ellipsis in the proportion of 4 to 3, that will con- 
tain one acre of ground. 

Ans. 16,43 — rods the transverse, and 12,32 +, the 

conjugate required. 

31. What is the diameter of a solid globe of glass, 
which when blown into a hollow globe until the shell 
is i of an inch in thickness, will be sufficient to contain 
ten gallons of wine ? Ans. 7,46 -f inches. 

3§. What must be the depth of a cistern, whose diame- 
ters are 5 feet, and 6, to contain 30 barrels ? 

Ans. 5,3 feet. 
33. Suppose a tree 1 00 feet long should break off, so 
that the top should reach the ground 40 feet from the 
base, the broken part resting upon the stump or upright 
part — What would be the length of the broken piece. 

Ans. 58 feet 



34. The mountain Teneriffe, is 2,5 miles hiffh — ^How 
fair may it be seen by an eye derated fire feet abor6 
the surfiice, allowing the diameter of the earth to be 
8000 miles ? Ans. 144,195 + miles. 

35. What is the diameter of that globe, whose solidity 
is equal to f of the area of its surface ? Ans. 4 inches. 

36. How many cannon balls, 4 inches diameter, with- 
out loss of metal j may be run from a ton of cast iron ? ^ 

Ans. 249. 

37. If the three sides of a scalene triangle be 40, 50, 
and 60 rods, how many acres does it contain ? 

Ans. 6,2 acres. 

38. The difference between the diagonal of a square 
and one of its sides is 6 chains — What is its area? 

Ans. 21,025 — - acres. 

39. The area of a scalene triangle is 9,6 acres, the 
base is 20 chains, and the other two sides are in the 
proportion of 3 to 4 — What is the length of those sides ? 

Ans. 16 and 12 chains. 

40. The two diameters of an oblate spheroid are in 
the proportion of 5 to 6, and its solidity is equal to that 
of a globe 18 inches diameter — What are the two di- 
ameters of the spheroid ? 

Ans. 1,918 — and 1,598 + feet. 

41. What is the difference in solidity between an ob- 
late spheroid, whose diameters are 18 and 15 inches, 
and a prolate spheroid of the same dimensions ? 

Ans. 424,116 cubic inches. 

42. If a cistern whose diameters are 48 and 60 inches, 
and depth 6 feet, be filled half full of water, what will 
be the depth 1 Ans. 2,676 — feet. 

43. The area of an equilateral triangle is 24 acres — 
What is the length of its sides ? 

Ans. 23,5426 + chains. 

44. What is the length of the sides of a cubic box 
that contains 60 bushels ? Ans. 50,53 + inches. 

45. A circular garden contains half an acre, which is 
surtounded by a gravel walk that contains i of the area 
of the garden — What is the width of the walk ? 

13 Ans. ,595 rods. 
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46* How many perches of st)one will be sufficient to 
make a cellar wall under a building 42 feet long, and 
26 feet wide, provided the wall be two feet thick^ and 
7 feet high ? Ans. 108,6 + perches. 

47. What is the solidity of an iron anchor that 
weighs 2 tons ? Ans. 9,376 + cubic feet. 

4§. Required the solidity of the largest equilateral 
triangular pyramid, which may be cut from a globe 3 
leet in diameter, and likewise the solidity of the chips 
that reduces it to a pyramid. 

Ans. 2,2083 + cubic feet the solidity of the pyramid, 

and 1 1,9289 the solidity of the chips. 

49. Suppose the diameter of a circle is 60 chains — 
What is tiie length of the arc contained between the 
two radii, includUig an angle of 24 degrees ? 

Ans. 12,6664. 

50. The area of a rectangular parallelogram is 5 
acres, and the wall that encloses it is 120 rods in length 
— What is the length of its sides ? Ans. 40 and 20 rods. 

51. The length of the side of an octagon is 20 feet — ' 
How many square yards of ground does it stand on ? 

Ans. 214,5967 + square yards. 

52. The depth, top, and bottom diameters of a copper 
kettle, are respectively in the proportion of 6, 5, and 4, 
and it contains 25 ale gallons — What is the depth, and 
likewise the diameters of the bottom and top ? 

Ans. depth 25,14 inches, top diameter 20,95, and the 

bottom 16,76 inches. 
63. WTiat must be the diameter of a cylinder 60 feet 
long, to make 90 soUd feet when hewn square ? 

Ans. 1,732 feet. 
54 The three sides of a scalene triangle containing 
60 acres, are in the proportion of 5, 8, and 7 — What is 
the length of the sides 1 

Ans. 47,0848, 41,1992, and 29,428 chains. 
55. The sides of a scalene triangle, are 40, 50, and 
60 chains, to be divided into three equal parts by lines 
parallel to the base — Required the length of the base of 
each part ? Ans. 41 — and 34,636 — chains. 



Sbc. XVn.] MISCELLANEOUS CkUESTIONS. 147 

66. The two equal sides of an isosceles triangle are 
each 30 chains, and the third side 20 chains, to be di- 
vided into two parts, in the proportion of three to two, 
the greater part parallel to, and next the base — ^Required 
the length of the sides of the smaller part. 

Ans. 19 — chains the length of each of the equal sides, 

and 12,65 — the base. 

67. *The transrerse and conjugate diameter of an 
ellipsis are 60 and 40 chains — What is its periphery ? 

Ans. 167,665 chains. 

68. The base of a ri^ht-angled triangle is 40 chains, 
and the perpendicular §0 — ^miat is the diameter of the 
greatest circle that can be inscribed within it ? 

Ans. 20 chains. 

69. The hypotenuse of a right-angled triangle is 42 
chains; and if a perpendicular be erected from the end 
of the hypotenuse to intercept a line drawn from the 
point of the triangle, the length of the perpendicular 
and that line will be 124 chains — What is the length of 
each side separately ? 

Ans. 69,1129 chains, and 64,8871 — . 

60. The chord of the segment of a circle is 11 inches', 
and the diameter of the circle from which it was taken 
18 inches — ^What is the versed sine ? 

Ans. 1,8771 inches. 

61. The length of three perpendiculars dropt from a 
point within an equilateral triangle is 27 chains — Wliat 
is the area of the triangle ? Ans. 10,62439 + acres. 

62. What is the diameter of a riobe whose greatest 
inscribed cube is 16 inches on a side ? 

Ans. 27,7 + inches. 

63. What lenffth of a cylinder, 16 inches diameter, 
will riiaice 36 solid feet, when hewn square 1 

Ans. 40,5 feet. 
64: 'What is the length of the side of a square piece 

"'* MtTiTtiplf the sum of the squares of the transversfe and conjugate 
di!atneters by four, and extract the square root of the product, to 
xdiich root add I of the conjugate, the sum trill l>e the curve of the 
ellipsis required. 
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of land which contains as many acres ^ there are 
chains in the perimeter ? Ans. 40 chains. 

65. The difference between a circumscribing square 
and. the inscribed circle is four acres — How many 
chains are contained in the length of the side ? 

Ans. 13,666 + . 

66. The perpendicular altitude of a square pyramid 
is 18 feet, w;hich is to be divided by sections parallel to 
the base, into three equal parts — ^Required the perpen- 
dicular altitude of each part ? 

Ans. 12,48, 3,244, and 2,276 feet. 

67. The sum of the base and perpendicular of a right-, 
angled triangle is 70 rods, and the h3rpotenuse is 50 — 
What is the separate length of the sides ? 

Ans. 40 and 30 rods. 

68. What are the dimensions of a cistern sufficient 
to hold 30 barrels, whose length, top, and bottpm di- 
ameters are in the proportion of 5, 4, and 3. 

Ans. 6,883 + feet the length, 5,5064 feet bottom 

diameter, 4,1298 top diameter. 

69. *The separate lengths of three lines drawn from 
a point within an equilateral triangle, to each of the 
angles are 20, 30, and 45 chains — ^Itequired the area of 
the triangle. Ans. 116,9066 + acres. 

70. WhaX is the length of the side of a cubic box 
which contains its largest inscribed globe, and 1 bushel 
to fill, the vacancies ? Ans. 16,526 + inches. 

71. The sum of the diafi^onal, and breadth of a paral- 
lelogram is 64 chains, and the length 40^- What is the 
area ? ' Ans. 78 acres, 

72. The &)ot pf a ladder 40 feet lon^, was so placed, 
that at oQe side of the street it reached the building 24 
feet from the ground, and on the opposite 16 feet — 
What was the breadth of the street ? 

Ans. 68 feet 8 inches. 

* Find the mean proportioa between the greater and less of tfaa 
given numbers and multiply it hj two, and to that product add thft 
olher given distance, and divide the sum by the square root of the 
number three, the quotient will be the length of the side nearly. 
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73. The sule oif a rhombas is 30 diains, and' the per^ 
pendiculat 12-^Wbat is the \mgfii ef the htiget dia- 
goiml? Ans. 58,739 -T. 

74 The longer di^cmal of a rho&ibus is g4 chains, 
tod the shorter 18 — ^Whiat is .the length of the sides ? 

Ans. 15 chains. 

75. The transverse and cosjtfgate diameters of an 
ellipsis are 42 and 96 tods — What is the length of the 
side of an equilateral triangle that contains half the 
area? Ans. 37,03 rods. 

76. The idUstanoe of the centres of two circles, whose 
diameters are each 50 rods, is eqtiat to 30 rods— How 
many acres are enclosed by their circumferences ? 

Ans. 3368,885 square rods « 21,0518 — acres, 

77. A gentleman has a rarden 100 feet long, and 60 
feet wide, and a gravel walk is to be made of an equal 
width half round it— What must the width of the walk 
be, so as to take up just i of the ground ? Ans. 10 feet. 

78. What is the expense of painting a conical spire 
whose altitude is 120 feet, and circumference at the 
base 60 feet, at 8 cents per yard ? Ans. $3,21. 

79. A cubical foot of brass is to be drawn into a wire 
of iV of an inch in diameter — What will be the length 
of the wire, allowing no loss in the metal ? 

Arts. 5,556 + ifiiles. 

80. Three men bought a tapering piece of timber 
which was the frustrumof a square pyramid ; one side 
of the greater end was 3 feet, one side of the less end 
1 foot, and the length 18 feet — What is the length of 
each man's part, supposing tbey paid equally, and con- 
sequently hare equal shares ? 

Ans. 10,17, 4,56, and 3,27 feet. 

81. The solidity of a bushel measure is 2150,4262 
solid inches — What is the diameter of a cirailar half 
bushel whose depth is 8 inches ? 

Ans. 12,452 inches the diameter. 

82. If a <i6nical glass whose diartieter is 5 inches^ 
and altitude 6 inches, be filled fliU of water, and a globe 
4 inches diameter be dropt in the glass, so that from 

13* 
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the cenCife i^.tha ball to the vertex of the, glass shall.be 
5|]48 inches, haw nuuDty cubic inches of water will be 
displaced by tbe^ball ? Ans. 26,8144 cubic inches. 

83, Suppose two wheels, the one 5 feet diameter, and 
die othier 4, be placed on an axletree 12 feet long, and set 
roiling, on a plane till they* describe a circle — What is 
the diameter of the circle made by the gi^ater wheel, 
and the area of the ring contained between the circles. 

Ans. 120,1 4-. fe^t the diameter, and 4075,28352 

square feet the area of the ring. 
. 84^ Beginning at the northeast corner and running 
south 10 chains, thence w^est 20, thence north 8 chains, 
thence to the place of beginning ; it is required to lay 
off from the southwest corner on the south line, 8 acres 
— How fer from the southwest comer must the line be 
drawn, and what will be its length ? 

Ans. 8,94427 + chains its length, and 9,4427 chains 

from the southwest comer. 

86. How far from the vertex of a cone measured on 
the slope, whose diameter at the base is 4 feet, and per- 
pendicular altitude 12 feet, must it be cut off so that i 
of the timber may be left at the vertex ? 

Ans. 11,05 feet. 

86. If the diameter of the earth at the ^uator be 
8000 miles, what is the diameter at the 45th degree of 
north latitude, allowing the earth to be a complete 
sphere ? Ans. 5656,85424 miles. 

87. Being on the side of a river, and wishing to know 
its breadth, and having no instrument for measuring 
distances excepting a rule two feet in length, I set a 
stake where I stood, and measured back from the river 
20 feet, and set a stake directly to range with the former 
and a tree which grew on the opposite bank ; then at 
r^ht angles from mis place I measured the distance of 
16 feet, and set another stake, then on the line first 
drawn at the river's brink I set another stake directly 
between the tree and the stake ; and lastly, measured the 
distance between the stakes at the river's brink, and 
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found them to be 15 feet 6 inches asunder — ^What was 
then the breadth of the stream ? ' Ans. 620 feet. 

88. Prom a 'point within an equilateral trianrie I 
measured the distances to each of the angles, and feund 
that if i of the two greater distances were added to the 
less, the sum would be 26 chains ; and if i of the less and 
greater were added to the other, the stun would 1^ the 
same y and iff of the two less were added to the greater, 
the sum would likewise be 25 chains — ^what was the 
length of the sides of the equilateral triangle, and the 
distances &om each of the angles to the point within. 

Ans. 13, 17, and 19 chains the distances, and 27,96 + 

chains the length of the side. 

89. Pour men bought a grindstone of 5 feet in diame- 
ter — How much of its diameter must each grind off to 
haye equal shares of the stone, if oae first grind his part, 
and then the next, &c. till the stone is ground away, 
making no allowance for the eye ? 

Ans. 8, 9,5736, 12,4264, and 30 inches. 

90. The area of a certain piece' of land contained 
between tharee equal circles whose peripheries touched 
each other, i^ two acres^What is the diameter of that 
circle which will just enclose the three ? 

Ans. 47,98646. 

91. Three gentlemen's seats are in the form of a sca- 
lene triangle ; from A to B is 2,6 miles, from A to C is 
2,4, and ftom B to C 2 miles — What will be the dis- 
tance to a school house equally distant from each of the 
seats ? Ans. 1,343 miles. 

92. The three sides of a scalene triangle are 20, 30, 
and 40 rods-*- What is the diameter of a circle which 
will pass through all three of the angles? 

Ans. 41,312 + rods. 

93. *The longest diagonal of a rhombus is 21 chains, 
and the area is 48 square chains, and the longest and 

* To the square of half the diagonal add the perpendicular, and 
likewise its square,^ and multiply the sum by 4, the square root of 
the product will be the sum of tne required sides ; you will then have 
(he sum of two sides and their proi>ortion to find the sides separately. 
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shortest sides are in the pioporti<m of 86 to 60 — What 
are the lengths of the sides? Ans. 17 and 10 chains. 

94. A gentleman purchased a certain tract of land in 
the form of a circle, at 20 dollars per acre, the dollars 
which encompassed it exactly paid for it K a dollar 
be an inch and a half in diameter, what was the diame^ 
ter of the piece of land, ind what did it cost ? 

Ans. 1056 chains the diameter, and tt cost 

175166.5,6288 doUais. 

95. The side of a hexagon is 16 feet — What is its 
area, and likewise the lengtn of a perpendicular let &U 
from the centre to the mi<Klle of one of its sides ? 

Ans. 665,1074 + square feet the area, and 13,8564 

feet the perpendicular. 

96. The area of a regular pentagonal field is 6 acres^ 
2 roods, and 25 perches — ^Required the length of the 
side. Alls. 22,935 + perches. 

97. Suppose the diameter of the earth to be 8000 
miles, and the moon 2180, and that at a mean rate they 
are 240000 miles asunder — ^How fer from the earth is 
the centre of gravity, provided their densities be equal ? 

Ans. 856,35875 miles above the sur&ce. 

98. A father bequeathed to his three sons the greatest 
equal circles that could be formed within the periphery 
of one whose diameter was 100 chains, and the remain- 
der to the widow — How many acres was the portion of 
each? 

Ans. 169,167716 acres each of ihe son's share, and 

277,896852 acres the widow's part. 

99. The base of a scalene triangle is 40 chains, and 
the other two sides are in the proportion of 3 to 2, and 
if a right line be drawn from the middle of the base to 
its opposite angle, its square will be 250 — Required 
the length of the other two sides. 

Ans. 30 and 20 chains. 

100. A gentleman owning a farm containing 785,4 
acres in the form of a circle, gave to his nine daughters 
the nine largest pentagons tliat could be formeq with 
an angle of each touching the periphery of the circle ; 
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to his son the largest nonagon that could be fonned 
about the bases of the pentagons ; and the remainder to 
the widow — What was the share of each ? 

Ans. 191,63578 acres the ^s^ea. of the nonagon, and 
consequently the son's share ; 83,30674 acres each of the 
daughters' share; and 114,10366 acres the widow's 
part. ' 
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▲BEAS OF THi; SEOMElfTS OF A GIBCLB WH09S BIAlfBTBB IS UHITT, 
AND 9TJFF0SED TO BE DIYIDBD IHTO ONE THOUSAND EQUAL PABT8. 
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Segments. 


h 


SeginenQh 


h 


Segmentt. 


area. 


$^ 


area. 


?•* 


area. 


,001 


,000042 


,024 


,004921 


,047 


,013392 


,002 


,000119 


,025 


,006230 


,048 


,013818 


,003 


,000219 


,025 


,006546 


,049 


,014247 


,004 


,000337 


,027 


,005867 


,060 


,014681 


,005 
,006 


,000470 


,028 
,029 


,006194 


,051 
,062 


,016119 


,000618 


,006627 


,016561 


,007 


,000779 


,030 


,006866 


,063 


,016007 


,008 


,000951 


,031 


,007209 


,064 


,016467 


,009 


,001136 


,032 


,007558 


,056 


,016911 


,010 
,011 


,001329 


,033 
,034 


,007913 


,056 
,057 


,017369 


,001633 


,008273 


,017831 


,012 


,001746 


,035 


,008638 


,058 


,018296 


,013 


,001968 


,036 


,009008 


,059 


,018766 


,014 


,002199 


,037 


,009383 


,060 


,019239 


,016 
,016 


,002438 
,002685 


,038 
,039 


,009763 


,061 
,062 


,019716 


,010140 


,020196 


,017 


,002940 


,040 


,010537 


,063 


,020680 


,018 


,003202 


,041 


,010931 


,064 


,021168 


,019 


,003471 


,042 


,011330 


,065 


,021669 


,020 
,021 


,003748 


,043 
,044 


,011734 


,066 
,067 


,022164 


,004031 


,012142 


,022662 


,022 


,004322 


,046 


,012654 
,012971 


,068 


,023164 


,022 


,004618 


,046 


,069 


,023669 
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fvened 

sfnes. 


Segments, 
area. 


Versed 
sines. 


Eteimsnts. 
area. 


Vened 
stnes. 


SegoiMli. 

Ttm. 


,070 
,071 
,072 
,073 
,074 

,076 
,076 
,077 
,078 
,079 

,080 
,081 
,082 
,083 
,084 

,085 
,086 
,087 
,088 
,089 

,090 
,091 
,092 
,093 
,094 

,095 
,096 
,097 
,098 
,099 
,100 
401 


,024168 1 

,024680 

,025196 

,026714 

,026236 


,102 
,103 
,104 
405 
,106 

,107 
,108 
,109 
,110 
,111 

,112 
413 
,114 
415 
,116 

,117 
418 
,119 
,120 
,121 

,122 
,123 
,124 
,125 
,126 

,127 
,128 
,129 
,130 
,131 
,132 
,133 


,042080 
,042687 
,043296 
,043908 
,044522 


434 
,136 
,136 
,137 
,138 

,139 
,140 
,141 
,142 
,143 

,144 
,145 
,146 
,147 

,148 

,149 
,160 
,151 
,162 
,153 

,154 
,166 
,156 
,167 

,158 

,159 
,160 
,161 
,162 
,163 
,164 
,166 


,062707 
,0633891 
,064074 
,064760 
,066449 


,026761 
,027289 
,027821 
,028356 
,028894 


,045139 
,046769 
,046381 
,047005 
,047632 


,066140 
,066833 
,067528 
,068226 
,068924 


,029436 
,029979 
,030526 
,031076 
,031629 


,048262 
,048894 
,049528 
,050165 
,050804 


,069625 
,070328 
,071033 
,071741 
,072460 


,032186 
,032745 
,033307 
,033872 
,034441 


,061446 
,052090 
,052736 
,063386 
,064036 


,073161 
,073874 
,074589 
,075306 
,076026 


,036011 
,035585 
,036162 
,036741 
,037323 


,054689 
,055345 
,066003 
,056663 
,057326 


,076747 
,077469 
,078194 
,078921 
,079649 


,037909 
,038496 
,039087 
,039680 
,040276 
,040875 
,041476 


. ,057991 
,058658 
,059327 
,059999 
,060672 
,061348 
,062026 


,080380 
,081112 
,081846 
,082682 
,083320 
,084069 
,084801 
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Vened 
sineB. 


Segments, 
area. 

• 


Versed 
allies. 


Segments, 
area. 

• 


vened 
atnes. 


Segments, 
area. 


,166 
,167 
,168 
,169 
,170 

,171 
,172 
,173 
,174 
,175 

,176 
,177 
,178 
,179 
,180 

,181 
,182 
,183 
,184 
,185 

,186 
,187 
,188 
,189 
,190 

,191 
,192 
,193 
,194 
,195 
,196 
,197 


,085544 
,086289 
,087036 
,087785 
,088535 


,198 
,199 
,200 
,201 
,202 

,203 
,204 
,205 
,206 
,207 

,208 
,209 
,210 
,211 
,212 

,213 
,214 
,215 
,216 
,217 

,218 
,219 
,220 
•221 
,222 

,223 
,224 
,225 
,226 

,227 
,228 
,229 


,110226 
,111024 
,] 11823 
,112624 
,113426 


,230 
,231 
,232 
,233 
,234 

,235 
,236 
,237 
,238 
,239 

,240 
,241 
,242 
,243 
,244 

,245 
,246 

,247 
,248 
,249 

,250 
,251 
,252 
,253 
,254 

,255 

,256 

,257' 

,258 

,259 

,260 

,261 


,136465 
,137307 
,138150 
,138995 
,139841 


,089287 
,090041 
,090797 ■ 
,091564 
,092313 


,114230 
,115035 
,115842 
,116650 
,117460 


,140688 
,141537 
,142387 
,143238 
,144091 


,093074 
,093836 
,094601 
,095366 
,096134 


',118271 
,119083 
,119897 
,120712 
,121529 


,144944 
,145799 
,146655 
,147512 
,148371 


,096903 
,097674 
,098447 
,099221 
,099997 


,122347 
,123167 
,123988 
,124810 
,125634 


,149230 
,150091 
,150953 
,161816 
,162680 


,100774 
,101653 
,102334 
,103116 
,103900 


,126459 
,127285 
,128113 
,128942 
,129773 


,153546 
,154412 
,156280 
,156149 
,157019 


,104685 
,105472 
,106261 
,107051 
,107842 
,108636 
,109430 


,130605 
,131438 
,132272 
,133108 
,133945 
,134784 
,135624 


,157890 
,158762 
,159636 
,160510 
,161386 
,162263 
,163140 



AABAS OF THE SEGMENTS OF 4 CIRCLlg. 167 



Vened 


fiegmeots. 


Vened 


Segments. 


Vened 


Segments. 


sines. 


qxea. 


sines. 


area. 


sines. 


area. 


,262 


1 ,164019 


,294 


,192684 


,326 


,222277 


,263 


,164899 


,295 


,193596 


,327 


,223215 


,264 


,166780 


,296 


,194509 


,328 


,224154 


,265 


,166663 


,297 


,195422 


,329 


,225093 


,266 
,267 


,167646 


,298 
,299 


,196337 


,330 
,331 


,226033 


,168430 


,197252 


,226974 


,268 


,169316 


,300 


,198168 


,332 


,227915 


,269 


,170203 


,301 


,199085 


,333 


,228858 


,270 


,171089 


,302 


,200003 


,334 


,229801 


,271 
,272 


,171978 


,303 
,304 


,200922 


,335 
,336 


,230745 


,172867 


,201841 


,231689 


,273 


,173758 


,305 


,202761 


,337 


,232634 


,274 


,174649 


,306 


'■ ,203683 


,338 


,233580 


,275 


,175542 


,307 


,204606 


,339 


,234526 


,276 
,277 


,176435 


,308 
,309 


,205527 


,340 
,341 


,235473 


,177330 


,206451 


,236421 


,278 


,178225 


,310 


,207376 


,342 


,237369 


,279 


,179180 


,311 


,208301 


,343 


,238318 


,280 


,180019 


,312 


,209227 


,344 


,239268 


,281 

,282 


,180918 


,313 
,314 


,210154 


,345 
,346 


,240218 


,181817 


,211082 


,241169 


,283 


,182718 


,315 


,212011 


,347 


,243121 


,284 


,183619 


,316 


,212940 


,348 


,243074 


,285 


,184521 


,317 


,213871 


,349 


,244026 


,286 


,185426 
,186329 


,318 


,214802 


,350 


,244980 


,287 


,319 


,215733 


,351 


.246934 


,288 


,187234 


,320 


,216666 


,352 


,246889 


,289 


,188140 


,321 


,217599 


,353 


,247845 


,290 


,189047 


,322 


,218533 


,364 


,248801 


,291 


,189956 


,323 


,219468 


,355 


,249757 


,292 


,190864 


,324 


,220404 


,356 


,250715 


,293 


,191775 


,325 


,221340 


,357 


,251673 
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Veraed 
sines. 



SefmentB. 
area. 



Verged 
sines. 



Segmenttk 
area. 



Verwd 
sines. 



Begmente. 
area. 



,358 
,359 
,360 
,361 
,362 



,363 
,364 
,365 
,366 
,367 



,368 
,369 
,370 
,371 
,372 



,373 
,374 
,375 
,376 
,377 



,378 
,379 
,380 
,381 
,382 



I': 



383 
384 
885 

386 
,387 
,288 
389 



252631 
253590 
254660 
265510 
256471 



257433 
258395 
259357 
260320 
261284 



262248 
263213 
264178 
265144 
266111 



267078 
268045 
269013 
269982 
270951 



271920 
272890 
273861 
274832 
275803 



276775 
277748 
278721 
279694 
280668 
281642 
282617 



390 
391 
392 
393 
394 



395 
396 
397 
398 
399 



400 
401 
402 
403 
404 

405 
406 
407 
408 
409 



410 
411 
412 
413 
414 



415 
416 
417 
418 
419 
420 
421 



283592 

284568 
285544 
286521 

28749S 



288476 
289453 
290432 
291411 
292390 



293369 
294349 
295330 
296311 
297292 



298273 
299255 
300238 
301220 
302203 



303187 
304171 
305155 
306140 
307125 



308110 
309095 
310081 
311068 
312054 
313041 
314029 



,422 
,423 
,424 
,426 
,426 

^ 
,428 
,429 
,430 
,431 

^432 
,433 
,434 
,436 
,436 

^ 
,438 
,439 
,440 
,441 

ii^ 

,443 
,444 
,445 
,446 

^ 
,448 
,449 
,460 
,451 
,452 
,453 



315016 
316004 
316992 
317981 
318970 



319959 
320948 
321938 
322928 
323918 



324909 
325900 
326892 

327882 
328874 



329866 
330868 
331850 
332843 
333836 



334829 
336822 
336816 
337810 
338804 



339798 
340793 
341787 
342782 
343777 
344772 
346768 
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Vened 


SegmentB. 


Vened 


SegmentB. 


Vened 


Segments. 


Bines. 


area. 


dnee. 


area. 


■inea. 


area. 


,454 


,346764 


,470 


,362717 


,486 " 


,378701 


,465 


,347759 


,471 


,363715 


,487 


,379700 


,456- 


,348755 


,472 


,364713 


,488 


,380700 


,457 


,349762 


,473 


,366712 


,489 


,381699 


,468 
,469 


,360748 


,474 

,476 


,366710 


,490 
,491 


,382699 


,351745 


,367709 


,383699 


,460 


,362741 


,476 


,368708 


,492 


,384699 


,461 


,353739 


,477 


,369707 


,493 


,386699 


,462 


,354736 


,478 


,370706 


,494 


,386699 


,463 
,464 


,356732 


,479 
,480 


,371705 


,495 
,496 


,387699 

1 


'366730 


,372674 


,388699 


,465 


,357727 


,481 


,373703 


,497 


,389699 


,466 


,358725 


,482 


,374702 


,498 


,390699 


,467 


,369723 


,483 


,375702 


,499 


,391699 


,468 


,360721 


,484 


,376702 


,600 


,392699 


,469 


,361719 


,485 


,377701 







THE END. 
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